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Customer Support is Intel's complete support service that provides Intel customers with hardware support, software 
support, customer training, and consulting services. For more information contact your local sales offices. 


After a customer purchases any system hardware or software product, service and support become major factors in 
determining whether that product will continue to meet a customer's expectations. Such support requires an interna- 
tional support organization and a breadth of programs to meet a variety of customer needs. As you might expect, 
Intel's customer support is quittl extensive. It includes factory repair services and worldwide field service offices 
providing hardware repair services, software support services, customer training classes, and consulting services. 


Intel is committed to providing an international service support package through a wide variety of service offerings 
available from Intel Hardware Support. 


Intel's software support consists of two levels of contracts. Standard support includes TIPS (Technical Information 
Phone Service), updates and sub:;cription service (product-specific troubleshooting guides and COMMENTS Maga- 
zine). Basic support includes updates and the subscription service. Contracts are sold in environments which repre- 
sent product groupings (i.e., iRMX environment). 


Intel provides field systems engineering services for any phase of your development or support effort. You can use 
our systems engineers in a variety of ways ranging from assistance in using a new product, developing an application, 
personalizing training, and customizing or tailoring an Intel product to providing technical and management con- 
sulting. Systems Engineers are well versed in technical areas such as microcommunications, real-time applications, 
embedded microcontrollers, and network services. You know your application needs; we know our products. Work- 
ing together we can help you get a successful product to market in the least possible time. 


Intel offers a wide range of instructional programs covering various aspects of system design and implementation. In 
just three to ten days a limited number of individuals learn more in a single workshop than in weeks of self-study. 
For optimum convenience, workshops are scheduled regularly at Training Centers worldwide or we can take our 
workshops to you for on-site insltruction. Covering a wide variety of topics, Intel's major course categories include: 
architecture and assembly language, programming and operating systems, bitbus and LAN applications. 


Preface 


Computer systems can be characterized as being "re- 
programmable" or "embedded". Reprogrammable sys- 
tems are those that look and behave like computers to 
the ultimate user. An obvious example is the personal 
computer. These systems contain some form of mass 
storage device which stores a number of different com· 
puter programs that the user may Gall up and use as 
required. The input and output devices attached 
to 


these systems are there to communieate with the user. 
Embedded systems, as the name implies, are contained 
within a final product which may noe look or feel like a 
computer to the end user. An example here is a com~ 
puter which controls the ubiquitous office copier ma- 
chine. These systems rarely contain mass storage; the 
programs are stored in ROM or EPROM devices. The 
input and output devices attached are not limited to 
communication with the user (e.g. the control panel); 
they also monitor and control mechanisms and process- 
es within the device (e.g. the paper D~edmechanism). 


Embedded 
control applications 
can be broken into 


three broad categories; sequential centrol, closed loop 
control, and data control. Sequential control deals with 
the control and monitoring of a system as a sequence of 
events; activate the paper feed roller, wait for the paper 
feed indicator 
then 
activate the Corum mechanism. 


Closed loop control involves closely monitoring the 
output of process or device and altt,ring its inputs to 
achieve the desired output; if the feed roller motor is 
turning too slowly or is decelerating then increase the 
drive to the motor to compensate. These two categories 
involve fixed programs that interface directly with the 
outside world. The data structures imolved are normal- 
ly small and simple. The third category of embedded 
control (data control) still runs fixed programs but the 
interface to the outside word becomes more indirect 
and the data structures become larger and more com- 
plex. A high end copier might digitize an image and 
then use image processing techniques to enhance con- 
trast and then scale and rotate the image to fit the pa- 
per being used. 


Intel has consolidated four of its product families in- 
tended for embedded control applications into the Em- 
bedded Control Operation. 


MCS@·48: Designed for general purpose 8-bit sequen- 
tial control applications. Versions of these parts are 
available with program storage and up to 256 bytes of 


data storage onboard. The maximum program size is 
4 Kbytes. 


MCS@·51: Designed for advanced 8-bit sequential con- 
trol 
applications. 
These 
parts 
are 
similar 
to 
the 


MCS@-48 family parts but operate from 2 to 5 times 
faster and include more on-board peripherals. A unique 
feature of the MCS@-51 family is a built in Boolean 
processor which performs calculations on Boolean (one 
bit) 
variables. 
The 
maximum 
program 
size 
is 
64 Kbytes. 


MCS@·96: Designed for advanced 16·bit closed loop 
control applications. These parts include a processor 
capable of high performance integer arithmetic and 232 
bytes of general purpose registers which can be used for 
byte, word, or double-word operands. A separate sub- 
system manages timer functions. Versions are available 
with on-board A/D 
conversion and 8 Kbytes of on- 
board program memory. A unique feature of the newer 
(BH) members of the family is dynamic bus sizing 
which allows the parts to operate on both 8-bit and 16- 
bit busses. The maximum program size is 64 Kbytes. 


80186/80188: These parts are highly integrated ver- 
sions of the 8086 microprocessor intended for data con- 
trol applications. They combine 15 to 20 of the most 
common 8086 system components onto one device. In- 
cluded with the CPU is the clock generator, an inter- 
rupt controller, timers, DMA channels and chip select 
logic. The 80186 operates on a 16-bit bus and the 80188 
operates on an 8-bit bus. Both parts operate on a 16·bit 
bus internally. 


Part of the motivation for combining all of these prod- 
ucts into 
one handbook 
was the 
realization 
that, 
although the categorization of embedded control appli- 
cations into the three segments (sequential, closed loop, 
and data control) is useful for conceptualizing applica- 
tion requirements, 
real applications 
of these parts 
contain attributes from all three categories. Combining 
these product lines into one handbook will make it easi- 
er for customers involved with embedded applications 
to find the information they require. 


The remainder of this chapter will give a very brief 
overview of each of the four products discussed. The 
remainder of this book is intended to provide detailed 
technical 
information 
on Intel's 
embedded 
control 


product line. 
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Intel's MCS-48 family of 8-bit microcontrollers has be- 
come a world standard and has been in production for 
10 years. They are available in several versions: with on 
board ROM, on board EPROM, or CPU only, to better 
fit specific application needs. MCS-48 products are now 
fabricated on advanced HMOS processes offering high- 
er performance and reliability with less power con- 
sumption. 


Features common to all members of this family are: 


• 8-bit CPU with 1.36 microsecond instruction cycle 


• 27 I/O lines 
• 8-bit bit timer/counter 


• 2 interrupts 
• 4 Kbyte maximum program size 
• 256 byte maximum on-board RAM size 
• 256-byte maximum off-board RAM size 


Intel has over ten years of experi,~ncein manufacturing 
both the EPROM and ROM versions of this chip. It 
provides a low cost solution to applications such as key- 
boards, low end printers, and electronic carburator con- 
trol. 


Device 
ROMless 
EPROIIII 
ROM 
RAM 
Name 
Version 
Version 
Bytes 
Bytes 


8048AH 
8035AHL 
8748H 
1K 
64 


8049AH 
8039AHL 
8749H 
2K 
128 


8050AH 
8040AHL 
- 
4K 
256 


Intel's MCS-51 family is the industry standard for 8-bit 
high performance microcontrollers. The family archi- 
tecture is optimized for sequential real-time control ap- 
plications. They are available in several versions with 
on-board ROM, on-board EPROM, and CPU only to 
better fit specific application needs. MCS-51 products 
are available on advanced HMOS and CHMOS pro- 
cesses. 


Features common to all members of this family are: 


• 8-bit CPU optimized for control applications 
• Extensive Boolean processing (single-bit logic) capa- 


bilities 


• 32 bidirectional and individually addressable I/O 


lines 


• Full-Duplex UART 
• 5 source interrupt structure with 2 priority levels (6 
sources on parts with 3 timer/counters) 


• 64 Kbyte maximum program size 
• 256 byte maximum on-board RAM size 
• 64 Kbyte maximum off-board RAM size 
• Power down/Idle modes for CHMOS parts 
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The 
MCS-5l 
family 
has 
found 
wide 
acceptance 


throughout a wide range of applicatious, ranging from 
those slightly more complex than a typical MCS-48 ap- 
plication through 
medical instrumentation 
and anti- 


skid braking modules for automobiles. 


This year Intel added two new base products to the 
MCS-5l family, the 8OC152 and the 80C51FA. The 
80C152 contains, in addition to a CART, 
a Global 


Serial Channel capable of CSMA/CD and SDLC syn- 
chronous communication. It also has cwo DMA chan- 
nels, the first member of the MCS-5l to have such 


capability. The 80C51FA contains, in addition to the 
standard timer counters, a programmable counter array 
(PCA) capable of measuring and generating pulse infor- 
mation on five I/O pins. 


MSC®-51 
FAMILY 
DEVELOPMENT 


TOOLS 


ICETM-5l00 
emulators 
give design 
engineers 
full- 
speed, real-time, nonintrusive control over 8051 family 
system debugging at clock speeds up to 16 MHz. Each 


Device 
ROMless 
EPROM 
ROM 
RAM 
16·Bit 
Circuit 
Name 
Version 
Version 
Bytes 
Bytes 
Timers 
Type 


8051 
8031 
(8751) 
4K 
128 
2 
HMOS 


8051AH 
8031AH 
8751H 
4K 
128 
2 
HMOS 


8052AH 
8032AH 
8752BH 
8K 
256 
3 
HMOS 


80C51 BH 
80C31 BH 
87C51 
4K 
128 
2 
CHMOS 


83C152 
80C152 
8K 
256 
2 
CHMOS 


83C51FA 
80C51FA 
87C51FA 
8K 
256 
4 
CHMOS 
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emulator lets the user view and modify system activity 
at a symbolic, high-level language level, speeding and 
simplifying the development and debug phases of mi- 
crocontroller system design. All of the ICE-5100 emu- 
lators can be hosted on IBM FC AT's or compatibles, 
or Intellecl1!> Series HIllY development systems. Three 
versions of ICE-5100 are available today. ICE-5100- 
252 supports HMOS and CHMOS versions of the fol- 
lowing components: 
8031, 8051, 8751, 8032, 8052, 
8752, 80C31, 80C51, 87C51, 83C51FA, 80C51FA, and 
87C51FA. ICE-5100/452 
supports: 80C452, 83C452, 
87C452. The ICE 5100/044 supports: 8344, 8044, 8744, 
and BITBUSTM components. 


Available for the 51 family, ASM-51 and PL/M-51 
both contain a relocation and linkage utility and are 
available for the IBM PC and Intel Microcomputer De- 
velopment Systems running either iNDX or ISIS oper- 
ating systems. 


This complete, integrated de!ign-in solution for the 
MCS-51 family of microcontrollers speeds product de- 
velopment, and improves design team productivity. 


The MCS-96 Family of microcontrollers was designed 
for applications which combine high performance 16- 
bit fixed-point arithmetic with an immediate interface 
to real world devices and eve:1ts. The architecture is 
based on a single 64 Kbyte address space. In addition to 
being accessable as memory, the first 256 bytes of this 
space are also directly addressable as registers. These 
locations are on-chip for high performance and can be 
treated as byte, word, or double-word, operands by the 
programmer. Twenty-four bytl:s of these registers are 
used to control the on-board peripherals; the remaining 
232 bytes are usuab1e by the programmer as general 
purpose registers. The combinal ion of a register file, on- 
board I/O, and a high performance 16-bit CPU makes 
the MCS-96 family well matched to closed loop control 
applications. 


Features common to all members of this family are: 


• 
16-bit timer (Timer!) 


• 
16-bit counter (Timer2) 


• Full-Duplex 
UART 
with 
independent 
baud-rate 


generator 


• Watchdog timer 
• 8-bit resolution Pulse Width Modulator (PWM) 
• 48 I/O lines (33 for 48-pin parts) 


• HSIO unit 


The HSIO (High Speed Input/Output) 
unit is an inde- 


pendent timer subsystem which manages Timer! and 
Timer2 for the programmer. Events (e.g. setting an I/O 
pin) can be scheduled to occur automatically when ei- 
ther of the two timers reaches a preset value. External 
events can be recorded in a FIFO along with the value 
of Timer! when the event occurred. The HSIO is con- 
nected to eight pins on the 8096 and can generate and 
monitor events with a 2 microsecond resolution (12 
MHz crystal). 


In addition to an EPROM version, the 8X9XBH otTer 
several improvements over the non BH parts: 
• Dynamic selection of 8-/16-bit bus operation (versus 


fixed 16-bit bus) 


• Programmable READY logic 
• Sample and Hold input to the AID converter 


During 1987 Intel added a new series to the MCS-96 
family, the 80C196KA. This part is implemented on a 
high performance CMOS process and otTerssignificant- 
ly more performance and reduced power levels. The 
design also includes many detail improvements while 
still retaining compatibility with the NMOS versions of 
the MCS-96 family. 


The MCS-96 family is being used now in a wide variety 
of complex control tasks such as robotics, motor con- 


Device 
ROMlells 
EPROM 
ROM 
RAM 
I/O 
A/D 
Name 
Version 
Version 
Bytes 
Bytes 
Pins 
Channels 


8395 
8095 
- 
8K 
232 
29 
4 


8396 
8096 
- 
8K 
232 
48 
- 


8397 
8097 
- 
8K 
232 
40 
8 


8395BH 
8095BH 
8795BH 
8K 
232 
29 
4 


8396BH 
8096BH 
8796BH 
8K 
232 
48 
- 


8397BH 
8097BH 
8797BH 
8K 
232 
40 
8 


83C196KB 
80C196fCA 
87C196KB 
8K 
I 
232 
48 
8 
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Figure 3. MCS®·96 
Block Diagram 


trol, hard disk mechanisms, printers, modems, automo- 
tive engine control and high penormance 
anti-skid 


braking applications. 


MCS®·96 
FAMIL V DEVELOPMENT 


TOOLS 


Intel offers a variety of development tools to support 
the MCS-96 family of microcontrollers. The iSBE-96, a 
low-cost single board emulator, emulates the 8X9X mi- 
crocontrollers. VLSiCE-96 provides complete in-circuit 
emulation 
of the 
80CI96KC 
mkrocontroller. 
The 


ICETM-196PC In-Circuit emulator provides real-time, 
transparent emulation of the 80CI96KA microcontrol- 
ler. All three emulators are efficient and versatile tools 
for developing, debugging and testing real-time MCS- 
96 applications. 


Software for the MCS-96 family includes macroassem- 
bier (ASM-96) which is available along with PLlM-96 
and C-96 compilers. Each software: package includes 
relocation/linkage 
utility, library creation utility, and 


FPAL-96, a 32-bit floating-point utility. Software runs 
on IBM PC and Intellec Series IIlIjiV. 


80186 HIGH INTEGRATION 
MICROPROCESSOR 


The 80186 family of microprocessors was designed to 
bring the 8086 architecture to embedded control appli- 


cations. Six of the most often used functions of an 8086 
system have been integrated onto a single chip. Along 
with higher integration, the 80186 offers higher per- 
formance than the standard 8086 via detailed improve- 
ments to the design. The 80186 family consists of two 
processors; the 80186 and the 80188. These processors 
have identical capabilities except that the 80186 oper- 
ates on a 16-bit bus while the 80188 operates on an 
8-bit bus. The 80186 offers higher system performance 
with its 16-bit bus; the 80188 offers lower system cost 
with its 8-bit bus. Both processors operate internally 
with a 16-bit bus and generates a 20-bit address to give 
a total address space of I Megabyte. 


Although these parts are object code compatible with 
the 8086, most of the instructions complete in fewer 
clock cycles because of enhanced CPU and bus control 
logic. In addition, many new instructions have been in- 
cluded to simplify assembly language programs and to 
enhance operation with high level languages. These 
new instructions have been included in the 80286 and 
80386 high performance microprocessors. 


Besides the processor itself, the major features of the 
80186 and 80188 include: 
• 2 Channel DMA (Direct Memory Access) unit 
• 3 16-bit timer/counters 


inter 


• Interrupt controller 
• Clock generator 
• Chip select logic 
• Ready control logic 


Unlike the other embedded control products, the 80186 
is intended for applications which need relatively large 
amounts of program storage and require large and com- 
plex data structures. Since it is impractical to integrate 
the amount of memory required f,Jr typical applications 
onto the processor chip, no attempt is made to incorpo- 
rate memory on board. On the other hand, and for the 
same reasons, the architecture incorporates more ele- 
gent and powerful addressing modes than do the other 
products offered by the Embeddt:d Control Operation. 
The bus structure offered by th,~ 80186 is also more 
powerful and flexible. 


The 80186 processors are used in high end printers, 
data concentrators, robotics, and many other applica- 
tions which require the high pelformance of a 16-bit 
microprocessor along with the cost-effectiveness of a 
highly integrated computer system. Because it has ob- 
ject code compatibility with the iD.dustrystandard 8086 
processor, a wide variety of support is readily available. 
These range from simple program:; written to run under 
MS-DOS' 
to 
complex 
operating 
systems 
such 
as 
iRMX@-86 and XENIX·. 
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During 1987 Intel introduced CMOS versio~s of the 
80188 and 80186. In addition to lower power these 
parts offer increased performance (16 MHz vs 10 MHz 
for the NMOS parts) and two new features: power save 
and DRAM refresh. 


80186 FAMILY 
DEVELOPMENT 


TOOLS 


Intel offers a full line of development tools to support 
the 
80186 and 
80188 families of microprocessors. 


PICETM emulates the 80186 and 80188 microproces- 
sors at 8 MHz and 10 MHz and Intel's new ICE 186 
emulates the 80C186 to 12.5 MHz. Both emulators are 
versatile, efficient tools for developing, debugging and 
testing real-time applications for their respective micro- 
processors. 


Software support for the 80186 family consists of a 
macroassembler, which also includes linker, locator, 
mapper, numerics library, and librarian. High level lan- 
guages include PLIM, C, Fortran, and Pascal compil- 
ers with full source code display. Hosts include IBM 
PC, VAX/YMS', 
and Intel Development Systems. In- 


tel's software tools have been designed to provide opti- 
mal performance when used with an PICE 
or Intel's 


ICE-186. 
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Figure 4. 80186/80188 
Block Dlagram-A 
CPU Board On a Single Silicon Chip 


'VAXIVMS 
is a registered 
trademark 
of Digital 
Equipment 
Corporation. 
'MS-DOS 
and XENIX are trademarks 
of Microsoft 
Corporation. 
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MCS®,.,48Sillgle Component 
1 
System 


Sections 
2 
through 
5 describe 
in 
detail 
the 
func- 
tional characteristics 
of the 8748H and 8749H EPROM, 


8048AH/8049AH/8050AH 
ROM, 
and 
8035AHLI 


8039AHU8040-AHL 
CPU only single component 
micro- 
computers. 
Unless 
otherwise 
noted, 
details 
within 
these 
sections 
apply to all versions. 
This chapter 
is limited to 


those functions 
useful in single-chip 
implementations 
of 
the MCS®-48. 
The Chapter 
on the E~panded 
MCS®-48 


System 
discusses 
functions 
which 
allow expansion 
of 


program 
memory. 
data memory, 
and input output 
capa- 


bility. 


2.0 
ARCHITECTURE 


The following 
sections 
break 
the MeS-48 
Family 
into 
functional 
blocks and describe each in detail. The follow- 
ing description 
will use the 8048AH 
a!; the representative 


product 
for the family. 
See Figure 
I. 


The arithmetic 
section of the processor 
contains 
the basic 


data manipulation 
functions 
of the 8048AH 
and can be 


divided 
into the following 
blocks: 


In a typical 
operation 
data stored 
in the accumulator 
is 
combined 
in the ALU with data from another 
source on 
the internal 
bus (such as a register 
or 110 port) and the 
result is stored in the accumulator 
or another register. 


The following 
is more detailed description 
of the function 
of each block. 


The operation 
code (op code) 
portion 
of each program 
instruction 
is stored in the Instruction 
Decoder 
and con- 


verted to outputs 
which 
control 
the function 
of each of 
the blocks of the Arithmetic 
Section. 
These lines control 
the source of data and the destination 
register as well as 


the function 
performed 
in the ALU. 


The ALU accepts 8-bit data words from one or two sources 
and generates 
an 8-bit result under conl:rol of the Instruc- 
tion 
Decoder. 
The 
ALU 
can 
perfOlID the 
following 


functions: 


• 
Add With or Without 
Carry 
• 
AND, 
OR, Exclusive 
OR 
• 
Increment/Decrement 
• 
Bit Complement 
• 
Rotate Left, Right 
• 
Swap Nibbles 


• 
BCD Decimal 
Adjust 


If the operation 
performed 
by the ALU'results 
in a value 
represented 
by more than 8 bits (overflow 
of most sig- 
nificant 
bit), 
a Carry 
Flag is set in the Program 
Status 


Word. 


The accumulator 
is the single most important 
data register 


in the processor, 
being one of the sources of input to the 


ALU and often the destination 
of the result of operations 


performed 
in the ALU. 
Data to and from 110 ports and 


memory 
also normally 
passes through 
the accumulator. 


Resident program memory consists of 1024, 2048, or 4096 
words eight bits wide which are addressed 
by the program 


counter. 
In the 8748H and the 8749H this memory 
is user 


programmable 
and 
erasable 
EPROM; 
in the 
8048AH/ 


8049AHl8050AH 
the memory 
is ROM 
which 
is mask 


programmable 
at the factory. 
The 8035AHU8039AHU 


8040AHL 
has no internal 
program 
memory 
and is used 
with external 
memory 
devices. 
Program 
code 
is com- 


pletely 
interchangeable 
among 
the various 
versions. 
To 
access the upper 2K of program 
memory 
in the 8050AH, 
and other MCS-48 
devices, 
a select memory 
bank and a 
JUMP or CALL instruction 
must be executed 
to cross the 


2K boundary. 


There are three locations 
in Program 
Memory 
of special 
importance 
as shown 
in Figure 
2. 


LOCATION 
0 
Activating 
the Reset line of the processor 
causes the first 


instruction 
to be fetched 
from location 
O. 


LOCATION 
3 


Activating 
the Intenupt 
input 
line of the processor 
(if 
intenupt 
is enabled) 
causes 
a jump 
to subroutine 
at lo- 
cation 3. 


LOCATION 
7 
A timer/counter 
intenupt 
resulting 
from 
timer 
counter 


overflow (if enabled) 
causes a jump to subroutine 
at loca- 


tion 7. 


Therefore, 
the first instruction 
to be executed 
after ini- 


tialization 
is stored 
in location 
0, the first word of an 


external 
intenupt 
service 
subroutine 
is stored in location 
3, and the first word of a timer/counter 
service 
routines 
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is stored in location 
7. Program 
memory 
can be used to 


store constants 
as well as program 
im,tructions. 
Instruc- 
tions such as MOVP 
and MOVP3 
allow easy access 
to 


data "lookup" 
tables. 
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LOCATION 
7- 


TIMER INTERRUPT 
'i1ECTORS 
PROGRAM 
HERE 


LOCATION 
3- 


EXTERNAL 
INTERRUPT 
VECTORS 
PROGRAM 
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I~ESET VECTORS 
I'ROGRAM 
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Resident 
data memory 
is organized 
as 64, 128, or 256 by 


8-bits wide in the 8048AH, 
8049AH 
and 8050AH. 
All 


locations 
are indirectly 
addressable 
through either of two 


RAM Pointer 
Registers 
which reside at address 
0 and I 


of the register 
array. In addition, 
as ~ihown in Figure 
3, 


the first 8 locations 
(0-7) 
of the array are designated 
as 


working 
registers 
and are directly 
addressable 
by several 
instructions. 
Since 
these 
registers 
are more 
easily 
ad- 
dressed, 
they are usually used to store frequently accessed 


intermediate 
results. 
The DJNZ 
instruction 
makes 
very 


efficient 
use of the working 
registers 
as program 
loop 


counters 
by allowing 
the programmer 
to decrement 
and 


test the register 
in a single instruction. 


By executing 
a Register 
Bank 
Switch 
instruction 
(SEL 


RB) RAM locations 
24-31 
are designated 
as the working 


registers 
in place of locations 
0-7 
and are then directly 
addressable. 
Th,is second bank of working 
registers 
may 


be used as an extension 
of the first bank or reserved 
for 


use during interrupt 
service subroutines 
allowing 
the reg- 
isters of Bank 0 used in the main program 
to be instantly 
"saved" 
by a Bank Switch. 
Note that if this second bank 
is not used, locations 24-31 are still addressable 
as general 


purpose 
RAM. 
Since the two RAM pointer Registers 
RO 
and RI 
are a part of the working 
register 
array, 
bank 
switching 
effectively 
creates 
two more pointer 
registers 
(ROland RlI) which can be used with RO and RI to easily 
access up to four separate 
working 
areas in RAM at one 
time. RAM locations 
(8-23) 
also serve a dual role in that 


they contain 
the program 
counter 
stack as explained 
in 
Section 
2.6. These locations 
are addressed 
by the Stack 


Pointer during subroutine 
calls as well as by RAM Pointer 


Registers 
RO and R1. If the level of subroutine 
nesting is 


less than 8, all stack registers 
are not required 
and can be 


used as general 
purpose 
RAM 
locations. 
Each level of 
subroutine 
nesting 
not used provides 
the user with two 
additional 
RAM locations. 


63 
(127) 
«255» 


USER RAM 
32 x 8 
(96 x 8) 


«224 
x 8» 
32 
31 
BANK 
1 
I 


WORKING 
DIRECTLY 


REGISTERS 
ADDRESSABLE 


8x8 
WHEN BANK 
1 


-----Rf- 
- 
-- 
IS SELECTED 


24 
-- --"Aii' - --- 
I 


23 


8 LEVEL STACK 
ADDRESSED 


OR 
, 


INDIRECTLY 


USER RAM 
THROUGH 


16 x 8 
R1 OR RO 
(RO' OR R1') 


8 
7 
BANK 
0 
I 
WORKING 
DIRECTLY 


REGISTERS 
ADDRESSABLE 


8x8 
WHEN BANK 
0 
r------R1- 
--- 
IS SELECTEr 
---------- 


0 
RO 


IN ADDITION 
RO OR R1 (RO' OR R1') 


MAY BE USED TO ADDRESS 
256 
( ) 8049AH,8749H, 


WORDS 
OF EXTERNAL 
RAM. 
« 
) 
8050AH 


VCC 


VCC 


HIGH 
a 
IMPEDANCE 
INTERNAL 
PULLUP 
BUS 
D 


D 
1/0 


FLIP 
PIN 


FLOP 
PORT 
1 
LOW 
AND2 
IMPEDANCE 
PULLDOWN 


CLK 
a 


WRITE 
PULSE 
-= 


MAX 


-500 


-400 


10H 
-300 
TYPICAL 


I"A) 
-200 
VCC 
= 5.0 


2V 


VOL 


The 8048AH has 27 lines which can be used for input or 
output functions. These lines are grouped as 3 ports of 8 
lines each which serve as either inputs, outputs or bidi- 
rectional ports and 3 "test" 
inputs which can alter pro- 


gram sequences 
when tested 
by conditional 
jump 


instructions. 


Ports I and 2 are each 8 bits wide and have identical 
characteristics. Data written to these ports is statically 
latched and remains unchanged until rewritten. As input 
ports these lines are non-latching, i.e., inputs must be 
present until read by an input instruction. Inputs are fully 
TTL compatible and outputs will drive one standard TTL 
load. 


The lines of ports I and 2 are called quasi-bidirectional 
because of a special output circuit structure which allows 
each line to serve as an input, and output, or both even 
though outputs are statically latched. Figure 4 shows 
the circuit configuration in detail. Each line is continu- 
ously pulled up to VCC through a resistive device of 
relatively high impedance. 


This pullup is sufficient to provide the source current for 
a TTL high level yet can be pulled low by a standard TTL 
gate thus allowing the same pin to be used for both input 
and output. To provide fast switching times in a "0" 
to 


"1" 
transition a relatively low impedance device is 


switched in momentarily (= 1/5of a machine cycle) when- 
ever a "I" 
is written to the line. When a "0" is written 


to the line a low impedance device overcomes the light 
pullup and provides TTL current sinking capability. Since 
the pulldown transistor is a low impedance device a "I" 
must first be written to any line which is to be used as an 
input. Reset initializes all lines to the high impedance' ,I' , 
state. 


It is important to note that the ORL and the ANL are read! 
write operations. When executed, the Ji-C "reads" 
the 


port, modifies the data according to the instruction, then 
"writes" 
the data back to the port. The "writing" 
(es- 


sentially an OUTL instruction) enables the low impedance 
pull-up momentarily again even if the dal:awas unchanged 
from a "1." 
This specifically applies to configurations 


that have inputs and outputs mixed together on the same 
port. See also section 8 in the Expanded MCS-48 System 
chapter. 


Bus is also an 8-bit port which is a true oidirectional port 
with associated input and output strobes. If the bidirec- 
tional feature is not needed, Bus can :;erve as either a 


statically latched output port or non-latching input port. 
Input and output lines on this port cannot be mixed 
however. 


As a static port, data is written and latched using the OUTL 
instruction and inputted using the INS instruction. The 
INS and OUTL instructions generate pulses on the cor- 
responding RD and WR output strobe lines; however, in 
the static port mode they are generally not used. As a 
bidirectional port the MOVX instructions are used to read 
and write the port. A write to the port generates a pulse 
on the WR out~ 
line and output data is valid at the 
trailing edge of WR. A read of the port generates a pulse 
on the RD output line and input data must be valid at the 
trailing edge of RD. When not being written or read, the 
BUS lines are in a high impedance state. See also sections 
7 and 8 in the Expanded MCS-48 System chapter. 


2.5 Test and INT Inputs 
Three pins serve as inputs and are testable with the con- 
ditional jump instruction. These are TO, Tl, 
and INT. 


These pins allow inputs to cause program branches without 
the necessity to load an input port into the accumulator. 
The TO, Tl, and INT pins have other possible functions 
as well. See the pin description in Section 3. 


2.6 Program Counter and Stack 


The Program Counter is an independent counter while the 
Program Counter Stack is implemented suing pairs of reg- 
isters in the Data Memory Array. Only 10, II, or 12 bits 
of the Program Counter are used to address the 1024, 
2048, or 4096 words of on-board program memory of the 
8048AH, 8049AH, or 8050AH, while the most significant 
bits can be used for external Program Memory fetches. 
See Figure 5. The Program Counter is initialized to 
zero by activating the Reset line. 


Conventional 
Program 
Counter 


• 
Counls 
OOOH 10 7FFH 
• 
Overflows 
7FFH 
10 OOOH 


An interrupt or CALL to a subroutine causes the contents 
of the program counter to be stored in one of the 8 register 
pairs of the Program Counter Stack as shown in Figure 
6. The pair to be used is determined by a 3-bit Stack 
Pointer which is part of the Program Status Word (PSW). 


TER 


· 


T"·•·· 
~• 
: 
~ 


PSW 
· 
PCS-11 
· 


PC4-7 
--.- 
PCO-3 
· 


paiN 


111 


Data RAM locations 
8-23 are available 
as stack registers 
and are used to store the Program 
Counter 
and 4 bits of 
PSW 
as shown 
in Figure 
6. The 
Stack 
Pointer 
.when 


initialized 
to 000 points to RAM locations 
8 and 9. The 
first subroutine 
jump 
or interrupt 
results 
in the program 


counter contents 
being transferred 
to locations 
8 and 9 of 
the RAM array. The stack pointer is then incremented 
by 
one to point 
to locations 
10 and 
II 
in anticipation 
of 
another CALL. 
Nesting of subroltines 
wihtin subroutines 
can continue 
up to 8 times witholt 
overflowing 
the stack. 
If overflow 
does occur the deep~st address 
stored (loca- 


tions 8 and 9) will be overwritten 
and lost since the stack 


pointer overflows from 111 to 000. It also underflows 
from 
000 to 111. 


The end of a subroutine, 
which 
is signalled 
by a return 


instruction 
(RET or RETR), 
causes 
the Stack Pointer 
to 
be decremented 
and the contents 
of the resulting 
register 


pair to be transferred 
to the Program 
Counter. 


An 8-bit status word which can bo~loaded to and from the 
accumulator 
exists 
called 
the 
Program 
Status 
Word 


(PSW). 
Figure 
7 shows 
the 
in::ormation 
available 
in 


the word. The Program Status Word is actually a collection 
of flip-flops throughout 
the machine 
which can be read or 


written 
as a whole. 
The ability 
to write to PSW allows 


for easy restoration 
of machine 
status after a power down 


sequence. 


CY 
CARRY 
AC 
AUXILIARY 
CARRY 


FO 
FLAG 
0 
BS 
REGISTER 
BANK 
SELECT 


The upper 
four bits of PSW 
are stored 
in the Program 


Counter 
Stack with every call to subroutine 
or interrupt 


vector 
and are optionally 
restored 
upon return 
with the 


RETR 
instruction. 
The RET return 
instruction 
does not 


update PSW. 


Bit 4: 
Working 
Register 
Bank Switch Bit (BS) 


o = Bank 0 
I = Bank 
I 


Bit 5: 
Flag 0 bit (FO) user controlled 
flag which can 


be complemented 
or cleared, 
and tested 
with 


the conditional 
jump 
instruction 
JFO. 


Bit 6: 
Auxiliary 
Carry 
(AC) carry bit generated 
by 


an ADD instruction 
and used by the decimal 


adjust instruction 
DA A. 


Bit 7: 
Carry (CY) carry flag which indicates 
that the 


previous 
operation 
has resulted 
in overflow 
of 


the accumulator. 


The conditional 
branch logic within the processsor 
enables 


several 
conditions 
internal 
and external 
to the processor 


to be tested by the users program. 
By using the conditional 


jump 
instruction 
the conditions 
that are listed 
in Table 


1 can effect 
a change 
in the sequence 
of the program 


execution. 


Juml~ Conditions 


Device Testable 
(Jum 
On) 


not all 


Accumulator 
All zeros 
zeros 


Accumulator Bit 
- 
I 


Carry Flag 
0 
I 


User Flags (FO. Fl) 
- 
I 


Timer Overflow Flag 
- 
I 


Test Inputs (TO•...!!) 
0 
I 


Interrupt Input (INn 
0 
- 


An interrupt sequence:is initiated by applying a low "0" 
level input to the INT pin. Interrupt is level triggered and 
active low to allow "WIRE DRing" of several interrupt 
sources at the input pin. Figure 8 shows the interrupt 
logic of the 8048AH. The Interrupt line is sampled every 
instruction cycle and when detected causes a "call to 
subroutine" at location 3 in program memory as soon as 
all cycles of the current instruction an complete. On 2- 
cycle instructions the interrupt line is sampled on the 2nd 
cycle only. !NT must be held low for at least 3 machine 
cycles to ensure proper interrupt operations. As in any 
CALL to subroutine. the Program Counter and Program 
Status word are saved in the stack. For a description of 
this operation see the previous section Program Counter 
and Stack. Program Memory location 3 usually contains 
an unconditional jump to an interrupt service subroutine 
elsewhere in program memory. The end of an interrupt 
service subroutine is signalled by the eXI~cutionof a Return 
andRestore Status instruction RETR. ll1e interrupt system 
is single level in that once an intemlpt is detected all 
further interrupt requests are ignored until execution of an 
RETR reenables the interrupt input logic. This occurs at 
the beginning of the second cycle of the RETR instruction. 
This sequence holds true also for an internal interrupt 
generated by timer overflow. If an internal timer/counter 
generated interrupt and an external intt:rrupt are detected 
at the same time, the external source will be recognized. 
See the following Timer/Counter section for a'description 
of timer interrupt. If needed. a second external interrupt 
can be created by enabling the timer/counter interrupt. 
loading FFH in the Counter (ones lo~ssthan terminal 
count), and enabling the event counter mode. A "I" 
to 


"0" transition on the Tl input will then cause an interrupt 
vector to location 7. 
, 


The interrupt input may be enabled or disabled under 
Program Control using the EN I and DlS I instructions. 
Interrupts are disabled by Reset and remain so until en- 


abled by the users program. An interrupt request must be 
removed before the RETR instruction is executed upon 
return from the service routine otherwise the processor 
will re-enter the service routine immediately. Many pe- 
ripheral devices prevent this situation by resetting their 
interrupt request line whenever the processor accesses 
(Reads or Writes) the peripherals data buffer register. If 
the interrupting device does not require access by the 
processor. one output line of the 8048AH may be des- 
ignated as an "interrupt acknowledge" which is activated 
by the service subroutine to reset the interrupt request. 
The INT pin may also be tested using the conditional jump 
instruction IN!. This instruction may be used to detect the 
presence of a pending interrupt before interrupts are en- 
abled. If interrupt is left disabled, !NT may be used as 
another test input like TO and Tl. 


The 8048AH contains a counter to aid the user in counting 
external events and generating accurate time delays with- 
out placing a burden on the processor for these functions. 
In both modes the counter operation is the same. the only 
difference being the source of the input to the counter. 
The timer/event counter is shown in Figure 9. 


The 8-bit binary counter is presettable and readable with 
two MOV instructions which transfer the contents of the 
accumulator to the counter and vice versa. The counter 
content may be affected by Reset and should be initialized 
by software. The counter is stopped by a Reset or STOP 
TCNT instruction and remains stopped until started as a 
timer by a START T instruction or as an event counter 
by a START CNT instruction. Once started the counter 
will increment to this maximum count (FF) and overflow 
to zero continuing its count until stopped by a STOP TCNT 
instruction or Reset. 


The increment from maximum count to zero (overflow) 
results in the setting of an overflow flag flip-flop and in 
the generation of an interrupt request. The state of the 
overflow flag is testable with the conditional jump instruc- 
tion JTF. The flag is reset by executing a JTF or by Reset. 
The interrupt request is stored in a latch and then ORed 
with the external interrupt input INT. The timer interrupt 
may be enabled or disabled independently of external in- 
terrupt by the EN TCNTl and DIS TCNTl instructions. 
If enabled. the counter overflow will cause a subroutine 
call to location 7 where the timer or counter service routine 
may be stored. 


If timer and external interrupts occur simultaneously. the 
external source will be recognized and the Call will be to 


JTF 
EXECUTED 


RESET 


INTERRUPT 
CALL 
EXECUTED 


CLR 
EXTERNAL 
o 
a 
INTERRUPT 
RECOGNIZED 


TIMER 


OVERFLOW 


TIMER 
INT 
FF 


RECOGNIZEJE= 
R 
EXECUTED 


RESET 
--------, 


TIMER 
INTERRUPT 
RECOGNIZED 


S 
a 


INTERRUPT 
IN 
PROGRESS 
FF 
EN TCNTI 
S 
a 
EXECUTED 


TIMER 


INT 


ENABLE 
DISTCNTI~ 
EXECUTED 
R 
0- 


RESET 


INTO 
0 


PIN 


INT 
FF 


a 


ALE=D-- 


LAST 
CYCLE 
OF INST. 


EN I 
S 
a 
EXECUTED 


INT 


DISI 


ENABLE 


EXECUTED~ 
R 


RESET 


RESET 


RETR 
EXECUTED 


1. WHEN 
INTERRUPT 
IN PROGRESS 
FLIP-FLOP 
IS SET 


ALL 
FURTHER 
INTERRUPTS 
ARE 
LOCKED 
OUT 


INDEPENDENT 
OF STATE 
OF EITHER 
INTERRUPT 


ENABLE 
FLIP-FLOP. 


2. WHILE 
TIMER 
INTERRUPTS 
ARE 
DISABLED 
TIMER 


OVERFLOW 
III WILL 
NOT 
STORE 
ANY 
OVERFLOW 


THAT 
OCCURS. 
TIMER 
FLAG 
WILL BE SET, HOWEVER. 


n~"_~tDD::,~l~ 


START 
TIMER 


START 
COUNTER 


location 
3. Since the timer interrupt 
is latched 
it will re- 
main pending 
until the external 
devic,~ is serviced 
and 


immediately 
be recognized 
upon return from the service 


routine. 
The pending 
timer interrupt 
is reset by the Call 
to location 
7 or may be removed 
by executing 
a DIS 


TCNTI 
instruction. 


Execution 
of a START 
CNT instruction 
connects 
the TI 
input pin to the counter 
input and enables 
the counter. 


The T1 input is sampled 
at the beginning 
of state 3 or in 
later MCS-48 
devices 
in state time 4. Subsequent 
high to 


low transitions 
on T 1 will cause the counter to increment. 


T1 must be held low for at least 1 machine cycle to insure 
it won't 
be missed. 
The 
maximum 
rate 
at which 
the 


counter 
may be incremented 
is once pel three instruction 
cycles (every 5.7 /LSec when using an 8 MHz crystal)- 
there is no minimum 
frequency. 
Tl 
input must remain 
high for at least 1/5 machine 
cycle after each transition. 


Eexcution 
of a START T instruction 
connects 
an internal 
clock to the counter 
input and enables 
J:he counter. 
The 


internal clock is derived bypassing the baEic machine cycle 
clock 
through 
a 
-;-32 prescaler. 
The prescaler 
is reset 
during the START 
T instruction. 
The resulting 
clock in- 
crements 
the counter 
every 32 machine 
cycles. 
Various 


delays from 1 to 256 counts can be obtained by presetting 
the counter and detecting overflow. 
Times longer than 256 


counts may be achieved 
by accumulating 
multiple 
over- 
flows in a register 
under software 
control. 
For time res- 


olution less than 1 count an external clock can be applied 
to the Tl 
input 
and the counter 
operated 
in the event 


counter 
mode. 
ALE divided 
by 3 or more can serve as 


this external 
clock. 
Very small delays 
or "fine 
tuning" 


of larger delays 
can be easily accomplished 
by software 


delay loops. 


Often a serial link is desirable 
in an MCS-48 family mem- 


ber. Thble 2 lists the timer 
counts 
and 
cycles needed 


for a specific baud rate given a crystal frequency. 


2.11 Clock and Timing 
Circuits 


Timing generation 
for the 8048AH 
is completely 
selfcon- 


tained with the exeception 
of a frequency 
reference 
which 


can be XTAL, ceramic resonator, 
or external clock source. 


The Clock and Timing 
circuitry 
can be divided 
into the 


following 
functional 
blocks. 


The on-board 
oscillator 
is a high gain parallel 
resonant 


circuit with a frequency 
range of 1 to II MHz. The X I 


external 
pin is the input to the amplifier 
stage while X2 


is the output. 
A crystal 
or ceramic 
resonator 
connected 


between X 1 and X2 provides 
the feedback 
and phase shift 


required for oscillation. 
If an accurate frequency 
reference 


is not required, 
ceramic 
resonator 
may be used in place 


of the crystal. 


For accurate 
clocking, 
a crystal 
should be used. 
An ex- 


ternally 
generated 
clock may also be applied 
to XI-X2 


as the frequency 
source. 
See the data 
sheet 
for more 


information. 


Frequency 
Tcy 
TO Prr(1/5 
Tcy) 
Timer 
Prescaler 


(MHz) 
(32 Tcv) 


4 
3.75/-CS 
750ns 
120/-CS 


6 
2.50/-CS 
500ns 
80/-CS 


8 
1.88/-CS 
375ns 
60.2/-CS 
11 
1.36/-CS 
275ns 
43.5/-CS 


Baud 
4 MHz 
6 MHz 
8 MHz 
11 MHz 
Rate 
Timer Counts 
+ 
Timer Counts + 
Timer Counts + 
Timer Counts 
+ 


Instr. CYCl13S 
Instr. Cycles 
Instr. Cycles 
Instr. Cycles 


110 
75 + 24 Cycles 
113 + 20 Cycles 
151 + 3 Cycles 
208 + 28 Cycles 
.01% Error 
.01% Error 
.01% Error 
.01% Error 


300 
27 + 24 Cycles 
41 + 21 Cycles 
55 + 13 Cycles 
76 + 18 Cycles 
.1% Error 
.03% Error 
.01% Error 
.04% Error 


1200 
6 + 30 Cyc:les 
10 + 13 Cycles 
12 + 27 Cycles 
19 + 4 Cycles 


.1% Error 
.1% Error 
.06% Error 
.12% Error 


1800 
4 + 20 CyGies 
6 + 30 Cycles 
9 + 7 Cycles 
12 + 24 Cycles 


.1% Error 
.1% Error 
.17% Error 
.12% Error 


2400 
3 + 15 CyGies 
5 + 6 Cycles 
6 + 24 Cycles 
9 + 18 Cycles 
.1% Error 
.4% Error 
.29% Error 
.12% Error 


4800 
1 + 23 Cyc:les 
2 + 19 Cycles 
3 + 14 Cycles 
4 + 25 Cycles 
1.0% Error 
.4% Error 
.74% Error 
.12% Error 


The output of the oscillator is divided by 3 in the State 
Counter to create a clock which d.efinesthe state times of 
the machine (CLK). CLK can be made available on the 
external pin TOby executing an ENTO CLK instruction. 
The output of CLK on TO is disabled by Reset of the 
processor. 


CLK is then divided by 5 in the Cycle Counter to pro- 
vide a clock which defines a machine cycle consisting 
of 5 machine states as shown in Figure 10. Figure 11 
shows the different internal operations as divided into 
the machine states. This clock is called Address Latch 
Enable (ALE) because of its function in MCS-48 sys- 
tems with external memory. It iiiprovided continuous- 
ly on the ALE output pin. 


The reset input provides a means for initialization for the 
processor. This Schmitt-trigger input has an internal pull- 
up device which in combination with an external I J.L fd 
capacitor provides an internal r,~setpulse of sufficient 
length to guarantee all circuitry is reset, as shown in Figure 
12. If the reset pulse is generated externally the RESET 
pin must be held low for at least RO milliseconds after the 


power supply is within tolerance.Only 5 machine cycles 
(6.8 
J.LS @ II MHz) are required if power is already on 


and the oscillator has stabilized. ALE and PSEN (if EA 
= 1) are active while in Reset. 


5) Sets BUS to high impedance state (except when 


EA = 5V). 


rGT 


AL2 
11 
+3 


MHz 
0 
:;rATE 
COUNTER 


XTAL1 


1::= 


51 
52 
53 
54 
55 
51 


INPUT 
DECODE 
EXECUTION 
INPUT 
IN5T. 


INC. PC 
I 


~. 
__ 11 
11~ 
_ 


I 
~ 


half of Port 2. The user can therefore 
follow the program 


through each of the instruction 
steps. 
A timing diagram, 


showing 
the interaction 
between 
output 
ALE and input 


55, 
is shown. 
The BUS buffer 
contents 
are lost during 


single step; however, 
a latch may be added to reestablish 


the lost 110 capability 
if needed. Data is valid at the leading 
edge of ALE. 


This 
feature, 
as pictured 
in Figun: 
13, provides 
the 


user with a debug capability 
in that the processor 
can be 


stepped 
through 
the program 
one im;truction 
at a time. 


While stopped, 
the address 
of the next instruction 
to be 


fetched 
is available 
concurrently 
on BUS and the lower 


"!'! 
CcIi~ 
:-" 


GO0 
"..~::I:- 
GO 
~ 
0 
".. 
~ 
~::I: 
S' 
!!l...c 
(')..•. 
o' 
::J 
-t 
3' 
S' 
cocii 
co 
AI3 


CYCLE 1 
CYCLE 2 


INSTRUCTION 
Sl 
S2 
S3 
54 
55 
Sl 
S2 
53 
S4 
55 


INA.P 
FETCH 
INCREMENT 
- 
"INCREMENT 
- 
- 
READ 
- 
" - 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
PORT 


OUTLP,A 
FETCH 
INCREMENT 
- 
"INCREMENT 
OUTPUT 
- 
- 
- 
" 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
TO PORT 
- 
FETCH 
INCREMENT 
"INCREMENT 
FETCH 
INCREMENT 
"OUTPUT 
ANL P, = DATA 
- 
READ PORT 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 
TO PORT 


ORL P, = DATA 
FETCH 
INCREMENT 
- 


"INCREMENT 
READ PORT 
FETCH 
- 
INCREMENT 
"OUTPUT 
- 
I INSTRUCTION 
PROGRAM 
COUNTER 
T!~!:~ 
lM:.~::n::.l"::CAiA 
FnuunAM 
COuNTcH 
TO •.•UHI 


INS A, BUS 
FETCH 
INCREMENT 
- 
INCREMENT 
- 
- 
READ 
- 
" - 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
PORT 


OUTLBUS,A 
FETCH 
INCREMENT 
- 


INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
TO PORT 


ANL BUS, = OATA 
FETCH 
INCREMENT 
- 
"INCREMENT 
READ PORT 
FETCH 
- 
INCREMENT 
"OUTPUT 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 
TO PORT 


ORL BUS, = DATA 
FETCH 
INCREMENT 
- 
"INCREMENT 
READ PORT 
FETCH 
- 
INCREMENT 
"OUTPUT 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 
TO PORT 


MOYX@R,A 
FETCH 
INCREMENT 
OUTPUT RAM 
INCREMENT 
OUTPUT 
- 
- 
- 
" - 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
ADDRESS 
TIMER 
DATA TO RAM 


MOYXA,@R 
FETCH 
INCREMENT 
OUTPUT 
RAM 
INCREMENT 
- 
- 
READ 
- 
" - 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
AODRESS 
TIMER 
DATA 


MOYDA,P1 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
- 
- 
READ P2 
- 
" 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 
LOWER 


MOYO PI,A 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
DATA 
- 
- 
- 
" - 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 
TO P2LOWER 


ANLD P,A 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 
DATA 


ORLD P,A 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 
DATA 


J(CONDITIONAL) 
FETCH 
INCREMENT 
SAMPLE 
"INCREMENT 
- 
FETCH 
- 
UPDATE 
" 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
CONDITION 
SAMPLE 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 


STRTT 
FETCH 
INCREMENT 
- 
START 
STRT CNT 
INSTRUCTION 
PROGRAM 
COUNTER 
- 
COUNTER 


STOP TCNT 
FETCH 
INCREMENT 
- 
- 
STOP 
INSTRUCTION 
PROGRAM COUNTER 
COUNTER 


ENI 
FETCH 
INCREMENT 
- 
ENABLE 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
INTERRUPT 
'VALID 
INSTRUCTION 
ADDRESSES 
ARE OUTPUT 
r---- 
AT THIS 
TIME 
IF EXTERNAL 
PROGRAM 
MEMORY 
IS 


DISI 
FETCH 
INCREMENT 
- 
" 
DISABLE 
- 
BEING 
ACCESSED. 
INSTRUCTION 
PROGRAM 
COUNTER 
INTERRUPT 
f---- 
(1) IN LATER MC5-48 
DEYICES T1IS 
SAMPLED 
IN 54. 


ENTO CLK 
FETCH 
INCREMENT 
ENABLE 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
CLOCK 


...D- 
lK 
f 


1) The processor 
is requested 
to stop by applying 
a low 


level on SS. 


2) The processor 
responds by stopping during the address 


fetch portion of the next instruction. 
If a double cycle 


instruction 
is in progress 
when thl: single step com- 
mand is received, 
both cycles will be completed 
before 


stopping. 


3) The processor 
acknowledges 
it has l:ntered the stopped 


state by raising ALE high. In this state (which can be 
maintained 
indefinitely) 
the address of the next instruc- 


tion to be fetched 
is present 
on BUS and the lower 


half of port 2. 


4) SS is then raised high to bring the processor 
out of the 


stopped mode allowing 
it to fetch the next instruction. 


The exit from stop is indicated 
by the processor 
bring- 
ing ALE low. 


5) To stop the processor 
at the next instruction 
SS must 
be brought 
low again soon after ALE goes low. If SS 


is left high the processor 
remains 
in a "Run" 
mode. 


A diagram 
for implementing 
the single-step 
function 
of 


the 8748H is shown 
in Figure 
13. D-tvpe 
flip-flop 
with 


preset and clear is used to generate SS. In the run mode 
SS is held high by keeping the flip-flop preset (preset has 
precedence 
over the clear input). 
To enter 
single 
step, 


preset is removed 
allowing 
ALE to bring SS low via the 


clear input. ALE should be buffered 
since the clear input 


of an SN7474 
is the equivalent 
of 3 TTL 
loads. 
The 
processor 
is now in the stopped state. The next instruction 
is initiated by cloc~ 
a "1" 
into the flip-flop. This" 
1" 
will not appear on SS unless ALE is high removing 
clear 
from the flip-flop. 
In response 
to SS going high the pro- 


cessor be~s 
an instruction 
fetch which brings ALE low 
resetting 
SS through 
the clear input and causing 
the pro- 


cessor to again enter the stopped 
state. 


2.14 
Power Down Mode 
(8048AH, 8049AH, 8050AH, 
8039AHL, 8035AHL, 8040AHL) 


Extra circuitry 
has been added to the 8048AH!8049AHI 


8050AH ROM version to allow power to be removed from 
all but the data RAM array for low power standby oper- 
ation. In the power down mode the contents of data RAM 
can be maintained 
while drawing 
typically 
10% to 15% 
of normal 
operating 
power requirements. 


vcc serves as the 5V supply pin for the bulk of circuitry 
while the V DD pin supplies only the RAM array. In normal 
operation 
both pins are a 5V while in standby, 
Vcc is at 
ground 
and VDD is maintained 
at its standby 
value. 
Ap- 
plying 
Reset 
to the processor 
through 
the RESET 
pin 
inhibits 
any access 
to the RAM 
by the processor 
and 


guarantees 
that RAM cannot 
be inadvertently 
altered 
as 


power is removed 
from Vcc. 


A typical 
power 
down 
sequence 
(Figure 
14) occurs 
as 
follows: 


1) Imminent 
power supply failure is detected 
by user de- 


fined circuitry. 
Signal must be early enough 
to allow 
8048AH 
to save all necessary 
data before 
Vcc falls 


below normal operating 
limits. 


2) Power 
fail signal 
is used 
to interrupt 
processor 
and 
vector it to a power fail service routine. 


3) Power fail routine saves all important data and machine 
status 
in the internal 
data RAM 
array. 
Routine 
may 


also initiate transfer 
of backup 
supply to the V DD pin 
and indicate to external circuitry that power fail routine 
is complete. 


4) Reset is applied to guarantee 
data will not be altered 


as the power supply falls out of limits. Reset must be 
held low until Vcc is at ground 
level. 


Recovery 
from the Power Down mode can occur as any 


other power-on 
sequence 
with an external 
capacitor 
on 
the Reset 
input providing 
the necessary 
delay. 
See the 
previous 
section on Reset. 
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51NGLE 5TEP TIMING 


PROCESSOR 
~-- 


INTERRUPTED 
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: 
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~ 
I 
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I 
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FAIL SIGNAL 
1---1- 
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I 
1 
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L: 
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, 
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DATA SAVE 
ACCESS TO 


ROUTINE 
DATA RAM 


EXECUTED 
INHIBITED 


Normally 
the first IK (8048AH), 
2K (8049AH), 
or 4K 
(8050AH) 
words 
of program 
memory 
are automatically 


fetched from internal ROM or EPROM. 
The EA input pin 
however 
allows 
the user 
to effective ly disable 
internal 
program 
memory 
by forcing all program 
memory 
fetches 


to reference 
external 
memory. 
The following 
chapter ex- 
plains 
how 
access 
to external 
program 
memory 
is 


accomplished. 


The External 
Access 
mode is very useful 
in system 
test 


and debug because it allows the user to disable his internal 
applications 
program 
and substitute 
an external 
program 


of his choice - 
a diagnostic 
routine 
for instance. 
In ad- 
dition, 
the date sheet shows how intemal 
program 
mem- 
ory can be read externally, 
independent 
of the processor. 


A "I" 
level on EA initiates 
the external 
accesss 
mode. 


For proper 
operation, 
Reset should lx: applied 
while the 


EA input is changed. 


The 8048AH, 
8049AH, 
8050AH 
has incorporated 
a new 
SYNC 
mode. 
The 
Sync 
mode 
is provided 
to ease 
the 


design of multiple 
controller 
circuits 
by allowing 
the de- 
signer to force the device into known phase and state time. 
The SYNC mode may also be utilized 
by automatic 
test 
equipment 
(ATE) for quick, 
easy, anc. efficient 
synchro- 


nizing between the tester and the DUT (device under test). 


SYNC 
mode is enabled 
when SS' pin is raised 
to high 
voltage level of + 12 volts. To begin synchronization, 
TO 


is raised 
to 5 volts at least four clocks 
cycles after SS'. 


TO must be high for at least four Xl clock cycles to fully 


reset the prescaler 
and time state generators. 
TO may then 


be brought down with the rising edge of X I. Two clock 
cycles later, with the rising edge of X I, the device enters 
into Time State I, Phase 
I, SS' is then brought down to 
5 volts 4 clocks later after TO. RESET' 
is allowed 
to go 


high 5 tCY (75 clocks) later for normal execution 
of code. 


See Figure 
15. 


TIME 
STATE 


12V 
i 
SS 
5V---' 
OV 


5V 
--I 
TO 
OV 
5V 


5V 
ALE 
OV 


RESET 
OV 


XTAL{ 


RESET 


SINGLE 
STEP 


EXTERNAL 
MEM 


TEST{ 


INTERRUPT 


The MCS-48 
processors 
are packaged 
in 40 pin Dual In- 
Line 
Packages 
(DIP's). 
Table 
3 is a summary 
of the 


functions 
of each 
pin. 
Figure 
16 is the 
logic 
symbol 


for the 8048AH 
product family. 
Where it exists, 
the sec- 
ond paragraph 
describes 
each 
pin's 
function 
in an ex- 


panded MCS-48 system. 
Unless otherwise 
specified, 
each 
input is TIL 
compatible 
and each output 
will drive one 
standard TIL 
load. 
8048AH 
8049AH 
80SOAH 
READ 


WRITE 
PROGRAM 
STORE 
ENABLE 
ADDRESS 
LATCH 
ENABLE 


Pin 
Designation 
Number" 
Function 


Vss 
20 
Circuit 
G N 0 potential 


VDD 
26 
Programming 
power supply; 21 V during program 
for the 8748HJ8749H; 
+ 5V during 


operation 
for both 
ROM 
and EPROM. 
Low 
power 
standby 
pin in 8048AH 
and 


8049AHJ8050AH 
ROM versions. 


Vcc 
40 
Main 
power 
supply; 
+5V during 
operation 
and 
during 
8748H 
and 
8749H 
pro- 


gramming. 


PROG 
25 
Program 
pulse; + 18V input pin during 
8748H /8749H 
programming. 
Output 
strobe 


for 8243 I/O expander. 


P10-P17 
27-34 
8-bit quasi-bidirectional 
port. 
(Internal 
Pullup = 50K!1) 


(Port 
I) 


P20-P27 
21-24 
8-bit quasi-bidirectional 
port. 
(Internal 
Pullup = 50K!l) 


(Port 
2) 
35-38 


P20-P23 
contain 
the four high order program 
counter 
bits during 
an external 
pro- 


gram 
memory 
fetch and serve as a 4-bit I/O expander 
bus for 8243. 


00-07 
12-19 
Trw~ bidirectional 
port which can be written 
or read synchronously 
using the R 0, 


(BUS) 
WR' strobes. 
The port can also be statically 
latched. 


Cortains 
the 810w order 
program 
counter 
bits during 
an external 
program 
mem- 


ory fetch, and receives the addressed 
instruction 
under the control 
of PSEN. 
Also 


con:ains 
the address 
and data 
during 
an external 
RAM 
data 
store 
instruction, 


under 
control 
of ALE, 
RD, and WR. 


TO 
I 
Input 
pin testable 
using the conditional 
transfer 
instructions 
JTO and J NTO. TO 


can be designated 
as a clock output 
using ENTO 
CLK instruction. 
TO is also used 


during 
programming 
and sync mode. 


TI 
39 
Input 
pin testable 
using the JT I, and J NT I instructions. 
Can 
be designated 
the 


event counter 
input 
using 
the STRf 
CNT 
instruction. 
(See Section 
2.10). 


INT 
6 
Interrupt 
input. 
Initiates 
an interrupt 
if interrupt 
is enabled. 
Interrupt 
is disabled 
afte' 
a reset. (Active 
low) 


Interrupt 
must remain 
low for at least 3 machine 
cycles to ensure proper 
operation. 
-- 
RD 
8 
Output 
strobe 
activated 
during 
a BUS read. Can be used to enable 
data onto the 


BUS from an external 
device. 
(Active 
low) 


Used as a Read Strobe 
to External 
Data 
Memory. 


RESET 
4 
Inpv.t which is used to initialize the processor. 
Also used during EPROM programming 


and verification. 
(Active 
low) (Internal 
pullup = 80K il) 


WR 
10 
Output 
strobe 
during 
a BUS write. (Active 
low) Used as write strobe 
to external 


data 
memory. 


ALE 
II 
Address 
Latch 
Enable. 
This signal occurs 
once during 
each cycle and is useful as 


a clock output. 


The negative edge of A LE strobes 
address 
into external 
data and program 
memory. 


Pin 
Designation 
Number" 
Function 


-- 
Program Store Enable. This output occurs only during a fetch to external program 
PSEN 
9 


memory. (Active low) 


SS 
5 
Single step input can be used in conjunction with ALE to "single step" the processor 
through each instruction. (Active low) (Internal pullup = 300Kfl) +12V for sync 
modes (See 2.16). 


EA 
7 
External Access input which forces all program memory fetches to reference ex- 
ternal memory. Useful for emulation and debug, and essential for testing and pro- 
gram verification. (Active high) +12V for 8048AH/8049AH/8050AH 
program 
verification and +l8V for 8748H/8749H program verification (Internal pullup = 
IOMfl on 8048AH /8049AH/8035AHL/8039AH 
L/8050AH /8040AHL) 


XTALI 
2 
One side of crystal input for internal oscillator. Also input for external source. 


XTAL2 
3 
Other side of crystal external source input. 


4.0 
PROGRAMMING, 
VERIFYING 
AND 


ERASING 
EPROM 


8748H AND 8749H 
ERASURE 
CHARACTERISTICS 


The erasure characteristics of the 8748H and 8749H are 
such that erasure begins to occur when exposed to light 
with wavelengths shorter than approximately 4000 Angs- 
troms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3<J00...4000Arange. Data show that constant exposure to 
room level fluorescent lighting could erase the typical 
8748H and 8749H in approximately 3 years while it would 
take approximately I week to cause erasure when exposed 
to direct sunlight. If the 8748H or 8749H is to be exposed 
to these types of lighting conditions for extended periods 
of time, opaque labels should be placed over the 8748H 
window to prevent unintentional erasure. 


The internal Program Memory of the 8748H and the 
8749H may be erased and reprogrammed by the user as 
explained in the following sections. See also the 8748H 
and 8749H data sheets. 


In brief, the programming process consists of: activating 
the program mode, applying an address, latching the ad- 
dress, applying data, and applying a programming pulse. 
This programming algorithm applies to both the 8748H 
and 8749H. Each word is programmed completely before 
moving on to the next and is followed by a verification 
step. The following is a list of the pins used for program- 
ming and a descsription of their functions: 


PIn 
XTAL I 
Reset 
Test 0 


EA 
BUS 


P20-1 
P20-2 
VDD 
PROG 
PID-PlI 


Function 
Clock Input (3 to 4 MHz) 
Initialization and Address Latching 
Selection of Program (OV)or Verify 
(5V) Mode 
Activation of ProgramiVerify Modes 
Address and Data Input Data Output 
During Verify 
Address Input for 874~:H 
Address Input for 8749H 
Programming Power Supply 
Program Pulse Input 
Tied to ground (8749H only) 


When erased, bits of the 8748H and 8749H Program Mem- 
ory are in the logic "0" 
state. 


The recommended erasure procedure for the 8748H and 
8749H is exposure to shortwave ultraviolet light which 
has a wavelength of 2537 Angstroms (A). The integrated 
dose (Le., UV intensity X exposure time) for erasure 
should be a minimum of 15W-sec/cm2• The erasure time 
with this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12000JotW/cm2power rating. 
The 8748H and 8749H should be placed within one inch 
from the lamp tubes during erasure. Some lamps have a 
filterin their tubes and this filter should be removed before 
erasure. 


18V~ 
EA 
5V 


--PROGRAM 
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V-- 
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-=fll--TI~w: 
-_-_-_-_--_-..= =-_...:-_'., 
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MCS®..,48E"panded 
System 
2 


If the capabilities resident on the single-chip 8048AH! 
8748H!8035AHU8049AH!8749H!8039AHL are not suf- 
ficientfor your system requirements, special on-board cir- 
cuitry allows the addition of a wide variety of external 
memory, I/O, or special peripherals you may require. The 
processors can be directly and simply expanded in the 
foilowing areas: 


• Program Memory to 4K words 
• Data Memory to 320 words (384 words with 


8049AH) 


• I/O by unlimited amount 
• Special Functions using 8080/8085AH peripherals 


By using bank switching techniques, maximum capability 
is essentially unlimited. Bank switching is discussed later 
in the chapter. Expansion is accomplished in two ways: 
I) Expander I/O - 
A special I/O E:tpander circuit, the 


8243, provides for the addition of four 4-bit Input! 
Output ports with·the sacrifice of only the lower half 
(4-bits) of port 2 for inter-device communication. Mul- 
tiple 8243's may be added to thi:; 4-bit bus by gen- 
erating the required "chip select" lines. 
2) Standard 8085 Bus - 
One POlt 
of the 8048AH! 


8049AH is like the 8-bit bidirectional data bus of the 
8085 microcomputer system allowing interface tOethe 
numerous standard memories and peripherals of the 
MCSQI-80/85microcomputer family. 


MCS-48 systems can be configured Ilsing either or both 
of these expansion features to optimizt:system capabilities 
to the application. 


Both expander devices and standard memories and pe- 
ripherals can be added in virtually any number and com- 
bination required. 


Program Memory is expanded beyond the resident IK or 
2K words by using the 8085 BUS fellture of the MCSQI- 
48. All program memory fetches from the addresses less 
than 1024 on the 8048AH and less than 2048 on the 
8049AH occur internally with no external signals being 
generated (except ALE which is always present). At ad- 
dress 1024 on the 8048AH, the processor automatically 
initiates external program memory fetches. 


As shown in Figure I, for all instruction fetches from 
addresses of 1024 (2048) or greater, the following will 
occur: 


I) The contents of the 12-bit program counter will be 


output on BUS and the lower half of port 2. 


2) Address Latch Enable (ALE) will indicate the time at 


which address is valid. The trailing edge of ALE is 
used to latch the address externally. 


3) Program Store Enable (PSEN) indicates that an exter- 


nal instruction fetch is in progress and serves to enable 
the external memory device. 


4) BUS reverts to input (floating) mode and the processor 


accepts its 8-bit contents as an instruction word. 


FLOATING 


BUS ~FLOATINGO: 
FLOATING 


ADDRESS 
INSTRUCTION 


Figure 
1. Instruction 
Fetch from 


External 
Program 
Memory 


All instructionfetches, including internal addresses, can be 
forcedto be externalby activatingthe EApinof the 8048AH! 
8049AH!8050AH.The 8035AHU8039AHU8040AHLpr0- 
cessors without program memory always operate in the ex- 
ternal program memory mode (EA = 5V). 


2.2 
Extended 
Program 
Memory 


Addressing 
(Beyond 
2K) 


For programs of 2K words or less, the 8048AH!8049AH 
addresses program memory in the conventional manner. 
Addresses beyond 2047 can be reached by executing a 
program memory bank switch instruction (SEL MBO,SEL 
MBI) followed by a branch instruction (JMP or CALL). 
The bank switch feature extends the range of branch in- 
structions beyond their normal 2K range and at the same 
time prevents the user from inadvertently crossing the 2K 
boundary. 


The switching of 2K program memory Danksis accom- 
plished by directly setting or resetting the most significant 
bit of the program counter (bit 11); see Figure 2. Bit 
II is not altered by nQrmalincrementing of the program 
counter but is loaded with the contents of a special flip- 
flop each time a JMP or CALL instruction is executed. 
This special flip-flop is set by executing an SEL MBI 


instruction and reset by SEL MBO. Therefore, the SEL 
MB instruction may be executed at any time prior to the 
actual bank switch which occurs during the next branch 
instruction encountered. Since all twelve bits of the pro- 
gram counter, including bit 11, are stored in the stack, 
when a Call is executed, the user mayjump to subroutines 
across the 2K boundary and the proper bank will be re- 
stored upon return. However, the bank switch flip-flop 
will not be altered on return. 


~~C 


i 
I 
Conventional 
Program 
Counter 


• 
Counts 
OOOHto 7FFH 
• 
Overflows 
7FFH to OOOH 


JMP or CALL 
Instructions 
transfer 
contents 
of internal 
flipflop 
to '~11 


• 
Flipflop 
set by SEL MBl 
• 
Flipflop 
reset by SEL MBO 


or by RESET 


During 
interrupt 
sen ice routine 
All 
is forced 
to "0" 
All 12 bits are saved in stack 


Interrupts always vector the program counter to location 
3 or 7 in the first 2K bank, and bit II of the program 


counter is held at "0" during the interrupt service routine. 
The end of the service routine is signalled by the execution 
of an RETR instruction. Interrupt service routines should 
therefore be contained entirely in the lower 2K words of 
program memory. The execution of a SEL MBOor SEL 
MBI instruction within an interrupt routine is not rec- 
ommended since it will not alter PCII while in the routine, 
but will change the internal flip-flop. 


Although the lower half of Port 2 is used to output the 
four most significant bits of address during an external 
program memory fetch, the 110 information is still out- 
puted during certain portions of each machine cycle. 1/0 
information is always present on Port 2's lower 4 bits at 
the rising edge of ALE and can be sampled or latched at 
this time. 


Shown in Figure 3 is the addition 
of 2K words of 


program memory using an 27l6A 2K x 8 ROM to give 
a total of 3K words of program memo~ 
this case no 


chip select decoding is required and PSEN enables the 
memory directly through the chip select input. If the sys- 
tem requires only 2K of program memory, the same con- 
figuration can be used with an 8035AHL substituted for 
the 8048AH. The 8049AH would provide 4K of program 
memory with the same configuration. 
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V 
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Figure 4 shows how the 8755/8355 EPROM/ROM 
with 
110 interfaces directly to the 8048AH without the need 
for an address latch. The 8755/8355 contains an internal 
8-bit address latch eliminating ti.Jeneed for an 8212 latch. 
In addition to a 2K x 8 program memory, the 8755/8355 
also contains 16110 lines addressable as two 8-bit ports. 
These ports are addressed as external RAM; therefore the 
RD and WR outputs of the 8048AH are required. See the 
following section on data memory expansion for more 
detail. The subsequent section on 110expansion explains 
the operation of the 16 110 lines. 
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Data Memory is expanded beyond the resident 64 words 
by using the 8085AH type bus feature of the MCS~-48. 


All address and data is transferred over the 8 lines of 
BUS. As shown in Figure 5, a read or write cycle 
occurs as follows: 


ALES-I 
_ 


BUS 
FLOATING )(AODRESSX' 
,~ 
/ 
--------- 


FLOATING 


ALE J 
1_---- 


BUS 
FLOATINGX'ADDRESS X FLOATING X 
DATA X,,__ F_L_O_A_T_IN_G __ 


1) The contents of register RO or Rl is outputed on BUS. 


2) Address 
Latch 
Enable 
(ALE) 
indicates 
addresss 
is 
valid. 
The trailing 
edge of ALE is used to latch the 
address 
externally. 


3) A read (RD) or write (WR) pulse on the corresponding 
output pins of the 8048AH 
indicates 
the type of data 
memory access ~rogress. 
Output data is valid at the 
trailing 
edge of WR and input data must be valid at 
the trailing 
edge of RD. 


4) Oat (8 bits) is transferred 
in or out over BUS. 


3.2 Addressing 
External 
Data Memory 


External Data Memory 
is accessed with its own two-cycle 
move 
instructions. 
MOVXA, 
@R and MOVX@R, 
A, 


which transfer 8 bits of data betw'len the accumulator 
and 
the external 
memory 
location 
addressed 
by the contents 
of one of the RAM 
Pointer 
Registers 
RO and R 1. This 
allows 
256 locations 
to be addrt'ssed 
in addition 
to the 
resident 
locations. 
Additional 
pages 
may 
be added 
by 


"bank 
switching" 
with extra output lines of the 8048AH. 


3.3 Examples 
of Data Memory 
Expansion 


Figure 
6 shows 
how 
the 
8048-AH 
can 
be expanded 
using the 8155 memory 
and 110 expanding 
device. 
Since 
the 8155 has an internal8-bit 
addrc:ss latch, it can interface 
directly 
to the 8048AH 
without 
the use of an external 
latch. The 8155 provides an additional 
256 words of static 
data memory 
and also includes 
22 110 lines and a l4-bit 


timer. See the following 
section on 110 expansion 
and the 
8155 
data 
sheet 
for 
more 
details 
on 
these 
additional 
features. 


There are four possible 
modes of 110 expansion 
with the 


8048AH: one using a special low-cost expander, 
the 8243; 


another using standard MCS-80/85110 
devices; and a third 
using the combination 
memory 
110 expander 
devices 
the 


8155,8355, 
and 8755. It is also possible to expand using 


standard 
TTL 
devices. 


The most efficient means of 110 expansion 
for small sys- 


tems is the 8243 110 Expander 
Device which requires only 


4 port lines (lower half of Port 2) for communication 
with 


the 8048AH. 
The 8243 contains four 4-bit 110 ports which 
serve as an extension 
of the on-chip 110 and are addressed 
as ports #4-7 
(see Figure 13-7). The following 
operations 


may be performed 
on these ports: 


• 
Transfer 
Accumulator 
to Port 


• 
Transfer 
Port to Accumulator 


• 
AND Accumulator 
to Port 


• 
OR Accumulator 
to Port 


A 4-bit transfer 
from a port to the lower half of the Ac- 


cumulator 
sets the most significant 
four bits to zero. All 


communication 
between the 8048AH and the 8243 occurs 


over Port 2 lower (P2o-P23) 
with timing provided 
by an 


output pulse on the PROG pin of the processoLEach 
trans- 


fer consists 
of two 4-bit nibbles: 
The first containing 
the 
"op 
code" 
and port address, 
and the second containing 


the actual 4 bits of data. 


BUS 
8 
ADO_7 
" 
v 


ALE 
ALE 
8155 
A 
22 
256-8 
, 


WR 
Wi! 
RAM 
8048AH 
AD 
RD 


PORT 
. 101M 
( 
3 
I~~~JTS 


~ 
18 
)1/0 


TIMER 
IN 


TIMER 
OUT 


CHIP SELECT 
CONNECTION 
IF MORE 
-=- 
THAN 
ONE EXPANDER 
IS USED 


CS 


P4 
4 
1/0 
. 
PROG 


P5 
4 
1/0 
8050AH 
8049AH 
8243 


8048AH 
P6 
4 
1/0 


4. 
DATA IN 
P2 


P7 
4 
1/0 


PROG 
~ 
/ 


P20-P23 --< 
J< 


ADDRESS 


AND OPCOllE 


(4-BITS) 


BITS O. 1 
BITS 2, 3 


OO} 
OO} READ 
01 
PORT 
01 
WRITE 


10 
ADDRESS 
10 
OR 


11 
11 
AND 
)--- 


Nibble 
I 


3 
2 
I 
0 


ITGEJ 
Instruction 


Code 


Nibble 
2 


3 
2 
I 
0 


~ 
data 


II 


00 Read 
01 Write 
100R 
II AND 


AA----- 
00 - 
Port #4 
01 - 
Port #5 
10 - 
Port #6 
II - 
Port #7 


A high to low transition 
of the PROG line indicates 
that 


address is present, 
while allow to high transition 
indicates 


the presence 
of data. Additional 
8243's 
may be added to 


the four-bit bU6 and chip selected using additional 
output 


lines from the 8048AHl8748H. 


Each of the four 4-bit ports of the 8243 can serve as either 
input or output 
and can provide 
high drive capability 
in 


both the high and low state. 


4.2 I/O Expansion with Standard 


Peripherals 


Standard 
MCS-80/85 
type VO devices 
may be added to 
the MCS~-48 
usinl1;the same bus and timinl1;used for Data 
Memory 
expansion. 
Figure 
8 shows an example 
of how 
an 8048AH 
can be connected 
to an MCS-85 
peripheral. 


VO devices 
reside 
on the Data Memory 
bus and in the 
data memory address space and are accessed with the same 
MOVX 
instructions. 
(See the previous 
section 
on data 


memory 
expansion 
for a description 
of timing.) 
The fol- 


lowing are a few of the Standard 
MCS-80 
devices 
which 
are very useful in MCS~-48 
systems: 


• 
8214 Priority 
IntelTUpt Encoder 


• 
8251 Serial Communications 
Interface 


• 
8255 General 
Purpose 
Programmable 
VO 


• 
8279 Keyboard/Display 
Interface 


• 
8254 Interval 
Timer 


4.3 Combination Memory and 
110Expanders 


As mentioned 
in the sections on program and data memory 
expansion, 
the 8355/8755 
and 8155 expanders 
also contain 
VO capability. 


8355/8755: 
These two parts of ROM and EPROM 
equiv- 
alents and therefore 
contain 
the same 110 structure. 
110 
consists 
of two 8-bit ports which normally 
reside 
in the 
external data memory address space and are accessed with 
MOVX 
instructions. 
Associated 
with each port is an 8- 


bit Data Direction 
Register 
which defines each bit in the 
port as either 
an input or an OUlput. The data direction 
registers 
are directly 
addressabh:, 
thereby 
allowing 
the 


user to define under software 
control 
each individual 
bit 
of the ports 
as either 
input 
or output. 
All outputs 
are 


statically 
latched 
and 
double 
buffered. 
Inputs 
are 
not 
latched. 


8155/8156: 
110 on the 8155/8156 
is configured 
as two 
8-bit programmable 
110 ports and one 6-bit programmable 


port. 
These 
three registers 
and a Control/Status 
register 
are accessible 
as external 
data memory 
with the MOVX 


instructions. 
The contents 
of the control 
register 
deter- 
mines the mode of the three ports. The ports can be pro- 
grammed 
as input or output 
with or without 
associated 
handshake 
communication 
lines. In the handshake 
mode, 


lines of the six -bit port become 
input and output 
strobes 


for the two 8-bit ports. 
Also included 
in the 8155 is a 


14-bit programmable 
timer. 
The clock input to the timer 
and the timer 
overflow 
output 
are available 
on external 
pins. The timer can be programmed 
to stop on terminal 


count or to continuously 
reload itself. 
A square wave or 


pulse output on terminal 
count can also be specified 


Figure 9 shows the expansion of I/O using multiple 
8243's. The only difference from a single 8243 system is 
the addition of chip selects provided by additional 8048AH 
output lines. Two output liens and a decoder could also 
be used to address the four chips. Lar~enumbers of8243's 
would require a chip select decoder chip such as the 8205 
to save 110 pins. 


Figure 10 shows the 8048AH interface to a standard 
MCS<B>-80 
peripheral; in this case, the 8255 Programmable 


Peripheral Interface, a 40-pin part which provides three 
8-bit programmable 110 ports. The 8255 bus interface is 
typical of programmable MCS<B>-80peripherals with an 
8-bit bidirectional data bus, a RD and WR input for Read/ 
Write control, a CS (chip select) input used to enable the 
Read/Write control logic and the address inputs used to 
select various internal registers. 
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A 
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RD 
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iffi 


WR 
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8 
DO-j' 
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00-7 


CS 
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Interconnection to the 8048AH is very straightforward 
with BUS, RD, and WR connecting directly to the cor- 
responding pins on the 8255. The cnly design consider- 
ation is the way in which the internal registers of the 8255 
are to be addressed. If the registers are to be addressed 
as external data memory using the MOVX instructions, 
the appropriate number of address bits (in this case, 2) 
must be latched on BUS using ALE as described in the 
section on external data memories. I:fonly a single device 
is connected to BUS, the 8255 ma) be continuously se- 
lected by grounding CS. If multiple 8255's are used, ad- 
ditional address bits can be latched and used as chip 
selects. 


i\ second addressing 
method 
eliminates 
external 
latches 


and chip select decoders 
by using output 
port lines as ad- 


dress 
and 
chip 
select 
lines directly. 
I"his method. 
of 


course. re4uires the selling of an output 
port with address 


information 
prior to executing 
a MOVX 
in,tructioll. 


Figure 11shows the addition of twe memory expanders 
to the 8048AH, one 8355/8755 ROM and one 8156 RAM. 
The main consideration in designing such a system is the 


addressing of the various memories and I/O ports. Note 
that in this configuration address lines AIO and Atl have 
been ORed to chip select the 8355. This ensures that the 
chip is active for all external program memory fetches in 
the 1K to 3K range and is disabled for all other addresses. 
This gating has been added to allow the 110 port of the 
8355 to be used. If the chip was left selected all the time, 
there would be conflict between these ports and the RAM 
and 110 of the 8156. The NOR gate could be eliminated 
and AII connected directly to the CE (instead of CE) input 
of the 8355; however, this would create a IK word "hole" 
in the program memory by causing the 8355 to be active 
in the 2K and 4K range instead of the normal IK to 3K 
range. 


In this system the various locations are addressed as 
follows: 


• Data RAM - 
Addresses 0 to 255 when Port 2 Bit 


o has been previously set = I and Bit I set = 0 


• RAM 110 - 
Addresses 0 to 3 when Port 2 Bit 0 = 
1 and Bit I = I 


• ROM 110 - 
Addresses 0 to 3 when Port 2 Bit 2 or 


Bit 3 = I 


See the memory map in Figure 12. 
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Certain 
systems 
may require 
more than the 4K words of 
program 
memory 
which 
are directl} 
addressable 
by the 
program 
counter 
or more than the 256 data memory 
and 
VO locations 
directly 
addressable 
by the pointer registers 


RO and Rl. 
These systems 
can be achieved 
using "bank 
switching" 
techniques. 
Bank switching 
is merely the se- 
lection 
of various 
blocks 
of "banks" 
of memory 
using 


dedicated output port lines from the processor. 
In the case 
of the 8048AH, 
program 
memory 
is ,;elected in blocks of 
4K words at a time, 
while data memory 
and I/O are en- 
abled 256 words at a time. 


The most important 
consideration 
in implementing 
two or 
more banks 
is the software 
required 
to cross 
the bank 
boundaries. 
Each crossing 
of the boundary 
requires 
that 
the processor 
first write a control 
bit to an output 
port 
before accessing 
memory 
or I/O in tt,e new bank. If pro- 


gram memory 
is being switched, 
programs 
should be or- 
ganized to keep boundary 
crossings 
to a minimum. 


Jumping 
to subroutines 
across 
the boundary 
should 
be 


avoided 
when possible 
since the programmer 
must keep 


track of which bank to return to after completion 
of the 


subroutine. 
If these subroutines 
are to be nested 
and ac- 


cessed 
from either 
bank, 
a software 
"stack" 
should 
be 


implemented 
to save the bank switch bit just as if it were 


another 
bit of the program 
counter. 


From 
a hardware 
standpoint 
bank 
switching 
is 
very 


straightforward 
and involves 
only the connection 
of an 


VO line or lines as bank enable signals. 
These enables are 


ANDed 
with normal memory 
and I/O chip select signals 


to activate the proper bank. 


Thble I summarizes 
the instructions 
which activate 
the 


various control outputs of the MCS<&-48processors. 
Dur- 


ing all other instructions 
these outputs 
are driven 
to the 


active state. 


BFFH 


1 
I 
I 
1 
I 


8355 
: 


(2K) 
: 


1 
I 
I 
I 
EXTERNAL 
DATA 


: 
MEMORY 
SPACE 


MBO 1-------I400H 
I 
I 8~~5 


-------- 
300H I 
I 8155 
RESIDENT 
I 
I 
10 


.------- 
200H 


(lK) 
--------roOH 
I 


L----...JOOOH 
1--------1 


Control 
Signal 
When Active 
RD 
During MOVX, A, @R or INS Bus 


WR 
During MOVX @R, A or OUTL Bus 


ALE 
Every Machine Cycle 


PSEN 
During Fetch of extemal program mem- 
ory (instruction or immediate data) 


PROG 
During MOVD, A,P ANLD P.A MOVD 
P,A ORLD P,A 


8.0 
PORT CHARACTERISTICS 


8.1 BUS Port Operations 


The BUS port can operate in three different modes: as a 
latched 110port, as a bidirectional bus port, or as a pro- 
gram memory address output when I:xternal memory is 
used. The BUS port lines are either active high, active 
low, or high impedance (floating). 


The latched mode (INS, OUTL) is intended for use in the 
single-chip configuration where BUS is not begin used as 
an expander port. OUTL and MOVX instructions can be 
mixed if necessary. However, a previously latched output 
will be destroyed by executing a MOVX instruction and 
BUS will be left in the high impedance state. INS does 
not put the BUS in a high impedance state. Therefore, 
the use of MOVX after OUTL to put the BUS in a high 
impedance state is necessary before an INS instruction 
intended to read an external word (as opposed to the pre- 
viously latched value). 


OUTL should never be used in a system with external 
program memory, since latching BUS can cause the next 
instruction, if external, to be fetched improperly. 


The lower half of Port 2 can be used in three different 
ways: as a quasi-bidirectional static port, as an 8243 ex- 
pander port, and to adddress external program memory. 


RESIDENT 
DATA 
MEMORY 
(64) 


SECTION 
ADDRESS 
DESIGNATION 


PROG. 
MEM 
OOO-BFF 
DATAMEM 
100-IFF 


8155 PORTS 
300 
CMD/STATUS 


301 
PORTA 


302 
PORT 
B 


303 
PORTC 


304 
TIMER 
LOW 
8355 PORTS 
305 
TIMER 
HI 


400 
PORTA 


401 
PORTB 


402 
DORA 


403 
DDR B 


The port may contain latched I/O data prior to its use in 
another mode without affecting operation of either. If 
lower Port 2 (P20-3) is used to output address for an 
external program memory fetch. the I/O information pre- 


viously latched will be automatically removed temporarily 
while address is present, then retored when the fetch is 
complete. However, if lower Port 2 is used to commu- 
nicate with an 8243, previously latched I/O information 
will be removed and not restored. After an input from the 
8243, P20-3 will be left in the input mode (floating). After 
an output to the 8243, P20-3 will contain the value written, 
ANDed, or ORed to the 8243 port. 


In all cases outputs are driven low by an active device 
and driven high momentarily by a low impedance device 
and held high by a high impedance device to VCc. 


8749H 
8049AH 
8048AH 
8748H 
8035AHL 
8039AHL 


The MCS~-48 
instruction 
set is extensive 
for a machine 


of its size and has been tailored to be straightforward 
and 


very efficient 
in its use of program 
memory. 
All instruc- 


tions are either one or two bytes in kngth 
and over 80% 


are only one byte long. 
Also, 
all instructions 
execute 
in 


either one or two cycles and over 50% of all instructions 
execute 
in a single cycle. 
Double 
cycle instructions 
in- 
clude all immediate 
instructions, 
and all 110 instructions. 


The MCS-48 
microcomputers 
have been designed to han- 


dle arithmetic 
operations 
efficiently 
in both binary 
and 


BCD as well as handle the single-bit 
operations 
required 


in control applications. 
Special instructions 
have also been 


included to simplify loop counters, 
table look-up routines, 


and N-way 
branch routines. 


As can be seen in Figure 
I the 8-bit accumulator 
is 


the central 
point for all data transfers 
within 
the 8048. 


Data can be transferred 
between 
the 8 registers 
of each 
working 
register 
bank and the accumulator 
directly, 
i.e., 


the source or destination 
register 
is specified 
by the in- 
struction. 
The remaining 
locations 
of the internal 
RAM 


array are referred 
to as Data Memory 
and are addressed 


indirectly 
via an address 
stored in either RO or R I of the 


active register bank. RO and RI are also used to indirecly 
address external data memory when it is present. Transfers 
to and from internal RAM require one cycle, while trans- 
fers to external 
RAM 
require 
two. 
Constants 
stored 
in 


Program 
Memory 
can be loaded directly 
to the accumu- 


lator and to the 8 working 
registers. 
Data 
can also be 


transferred 
directly 
between 
the accumulator 
and the on- 
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board timer counter 
or the accumv.lator 
and the Program 


Status word (PSW). 
Writing 
to th~ PSW alters machine 


status accordingly 
and provides a means of restoring status 


after 
an 
interrupt 
or 
of 
altering 
the 
stack 
pointer 
if 


necessary. 


Immediate 
data, 
data memory, 
or the working 
registers 


can be added 
with or without 
carry to the accumulator. 


These 
sources 
can also be ANDed, 
ORed, 
or Exclusive 


ORed to the accumulator. 
Data may be moved to or from 


the accumulator 
and working 
regi!,ters or data memory. 


The 
two 
values 
can 
also 
be 
exchanged 
in 
a single 


operation. 


In addition, 
the lower 4 bits of the accumulator 
can be 


exchanged 
with the lower 
4-bits 
of any of the internal 
RAM locations. 
This instruction, 
along with an instruction 


which swaps the upper and lower 4-bit halves of the ac- 
cumulator, 
provides 
for easy handling 
of 4-bit quantities, 


including 
BCD numbers. 
To facilit,lte BCD arithmetic, 
a 


Decimal 
Adjust 
instruction 
is included. 
This instruction 


is used to correct the result of the binary addition 
of two 
2-digit BCD numbers. 
Performing 
a decimal adjust on the 


result 
in the 
accumulator 
product,s 
the 
required 
BCD 


result. 


Finally, 
the 
accumulator 
can 
be 
incremented, 
decre- 


mented, 
cleared, 
or complemented 
:md can be rotated left 
or right I bit at a time with or without 
carry. 


Although 
there is no subtract 
instruction 
in the 8048AH, 


this operation can be easily implemented 
with three single- 


byte single-cycle 
instructions. 


A value may be subtracted 
from the accumulator 
with the 


result in the accumulator 
by: 


• 
Complementing 
the accumulator 


• 
Adding 
the value to the accumulator 


• 
Complementing 
the accumulator 


The working registers can be accessed via the accumulator 
as explained 
above, 
or can be loaded 
immediate 
with 
constants 
from program memory. 
In addition, 
they can be 


incremented 
or decremented 
or used as loop counters using 


the decrement 
and jump, 
if not zero instruction, 
as ex- 


plained 
under branch 
instructions. 


All Data Memory 
including 
working 
registers 
can be ac- 


cessed 
with indirect 
instructions 
via. RO and R I and can 


be incremented, 


There are four user-accessible 
flags in the 8048AH: 
Carry, 


Auxiliary 
Carry, 
FO and FI. 
Carry indicates 
overflow 
of 


the accumulator, 
and Auxiliary 
Carry 
is used to indiate 


overflow between BCD digits and is used during decimal- 
adjust operation. 
Both Carry and Auxiliary 
Carry are ac- 
cessible as part of the program 
status word and are stored 
on the stack during subroutines. 
FO and F I are undedicated 


general-purpose 
flags to be used as the programmer 
de- 
sires. 
Both 
flags can be cleared 
or complemented 
and 
tested by conditional 
jump instructions. 
FO is also acces- 


sible via the Program 
Status 
word and is stored 
on the 


stack with the carry flags. 


The unconditional 
jump instruction 
is two bytes and allows 


jumps anywhere 
in the first 2K words of program memory. 


Jumps to the second 2K of memory (4K words are directly 
addressable) 
are made first by executing 
a select memory 


bank instruction, 
then executing 
the jump instruction. 
The 


2K boundary 
can only be crossed via a jump or subroutine 


call instruction, 
i.e .• the bank switch does not occur until 


a jump is executed. 
Once a memory bank has been selected 


all subsequent 
jumps 
will be to the selected 
bank until 


another 
select 
memory 
bank instruction 
is executed. 
A 


subroutine 
in the opposite bank can be accessed by a select 


memory 
bank instruction 
followed 
by a call instruction. 


Upon completion 
of the subroutine, 
execution 
will auto- 


matically 
return to the original 
bank; however. 
unless the 


original 
bank is reselected, 
the next jump instruction 
en- 


countered 
will again 
transfer 
execution 
to the opposite 


bank. 


Conditional 
jumps 
can test the following 
inputs and ma- 


chine status: 


• 
TO Input Pin 


• 
Tl Input Pin 


• 
INT Input Pin 


• 
Accumulator 
Zero 


• 
Any bit of Accumulator 


• 
Carry Flag 


• 
FO Flag 


• 
FI Flag 


Conditional 
jumps 
allow a branch 
to any address 
within 


the current page (256 words) of execution. 
The conditions 


tested 
are the instantaneous 
values 
at the time the con- 


ditional jump 
is executed. 
For instance, 
the jump on ac- 


cumulator 
zero instruction 
tests the accumulator 
itself, not 


an intermediate 
zero flag. 


The decrement register and jump if not zero instruction 
combines a decrement and a branch mstruction to create 
an instruction very useful in implementing a loop counter. 
This instruction can designate anyone of the 8 working 
registers as a counter and can effect a branch to any address 
within the current page of execution. 


A single-byte indirectjump instructior, allows the program 
to be vectored to anyone 
of several different locations 


based on the contents of the accumulator. The contents 
of the accumulator points to a location in program memory 
which contains the jump address. Th~,8-bit jump address 
refers to the current page of execution. This instruction 
could be used, for instance, to vector to anyone of several 
routines based on an ASCII character which has been 
loaded in the accumulator. In this way ASCII key inputs 
can be used to initiate various routim:s. 


Subroutines are entered by executing a call instruction. 
Calls can be made like unconditional jJmps to any address 
in a 2K word bank, and jumps across the 2K boundary 
are executed in the same manner. Two separate return 
instructions determine whether or not status (upper 4-bits 
of PSW) is restored upon return from the subroutine. 


The return and restore status instruction also signals the 
end of an interrupt service routine if one has been in 
progress. 


The 8-bit on board timer/counter can be loaded or read 
via the accumulator while the counter is stopped or while 
counting. The counter can be started as a timer with an 
internal clock source or an event counter or timer with an 
external clock applied to the Tl input pin. The instruction 
executed determines which clock source is used. A single 
instruction stops the counter whether it is operating with 
an internal or an external clock source. In addition, two 
instructions allow the timer interrupt to be enabled or 
disabled. 


Two instructions allow the external interrupt source to be 
enabled or disabled. Interrupts are initially disabled and 
are automatically disabled while an interrupt service rou- 
tines is in progress and re-enabled afterward. 


There are four memory bank select instructions, two to 
designate the active working registe: bank and two to 
control program memory banks. The cperation of the pro- 
gram memory bank switch is explained in Section 2.2 
in the Expanded MCS-48 System chapter. 


The working register bank switch instructions allow the 
programmer to immediately substitute a second 8-register 
working register bank for the one in use. This effectively 
provides 16 working registers or it can be used as a means 
of quickly saving the contents of the registers in response 
to an interrupt. The user has the option to switch or not 
to switch banks on interrupt. However, if the banks are 
switched, the original bank will be automatically restored 
upon execution of a return and restore status instruction 
at the end of the interrupt service routine. 


A special instruction enables an internal clock, which is 
the XTAL frequency divided by three to be output on pin 
TO. This clock can be used as a general-purpose clock in 
the user's system. This instruction should be used only to 
initialize the system since the clock output can be disabled 
only by application of system reset. 


Ports I and 2 are 8-bit static I/O ports which can be loaded 
to and from the accumulator. Outputs are statically latched 
but inputs are not latched and must be read while inputs 
are present. In addition, immediate data from program 
memory can be ANDed or ORed directly to Port 1 and 
Port 2 with the result remaining on the port. This allows 
"masks" stored in program memory to selectively set or 
reset individual bits of the I/O ports. Ports 1 and 2 are 
configured to allow input on a given pin by first writing 
a "I" 
out to the pin. 


An 8-bit port called BUS can also be accessed via the 
accumulator and can have statically latched outputs as 
well. It too can have immediate data ANDed or ORed 
directly to its outputs, however, unlike ports 1 and 2, all 
eight lines of BUS must be treated as either input or output 
at anyone time. In addition to being a static port, BUS 
can be used as a true synchronous bi-directional port using 
the Move External instructions used to access external 
data memory. When these instructions are executed, a 
corresponding READ or WRITE pulse is generated and 
data is valid only at that time. When data is not being 
transferred, BUS is in a high impedance state. Note that 
the OUTL, ANL, and the ORL instructions for the BUS 
are for use with internal program memory only. 


The basic three on-board I/O ports can be expanded via 
a 4-bit expander bus using half of port 2. I/O expander 
devices on this bus consist of four 4-bit ports which are 
addressed as ports 4 through 7. These ports have their 
own AND and OR instructions like the on-board ports as 
well as move instructions to transfer data in or out. The 
expander AND and OR instructions, however, combine 
the contents of accumulator with the selected port rather 
than immediate data as is done with the on-board ports. 


I/O devices can also be added e:tternally using the BUS 
port as the expansion bus. In this case the I/O ports become 
"memory mapped", i.e., they are addressed in the same 
way as external data memory and exist in the external 
data memory address space addressed by pointer register 
RO or Rl. 


The following pages describe the MCS~-48 instruction set 
in detail. The instruction set is first summarized with in- 
structions grouped functionally. This summary page is 
followed by a detailed description listed alphabetically by 
mnemonic opcode. 


The 
alphabetical 
listing 
includes 
the following 


information. 


• Mnemonic 
• Machine Code 
• Verbal Description 
• Symbolic Description 
• Assembly Language Example 


The machine code is represented with the most significant 
bit (7) to the left and two byte instructions are represented 
with the first byte on the left. The assembly language 
examples are formulated as follows: 


Arbitrary 


Label: Mnemonic, Operand; 
Descriptive Comment 


Mnemonic 
Deacrtptlon 
Bytes 
Cycle 


Accumuletor 


ADD 
A, R 
Add 
register 
to A 
1 
1 


ADDA,@R 
Add data memory 
to A 
1 
1 


ADD 
A, # data 
Add immediate 
to A 
2 
2 


AD DC A, R 
Add 
register 
with carry 
1 
1 


ADDCA, 
Add data memory 
1 
1 


@R 
with 
carry 


AD DC A, 
Add immediate 
2 
2 


# data 
with carry 


ANLA, 
R 
And 
register 
to A 
1 
1 


ANLA,@R 
And data memory 
to A 
1 
1 


ANL A, # data 
And immediate 
to A 
2 
2 


ORLA, 
R 
Or register 
to A 
1 
1 


ORLA@R 
Or data memory 
to A 
1 
1 


ORL A, # data 
Or immediate 
to A 
2 
2 


XRLA, 
R 
Exclusive 
Or register 
1 
1 


toA 
XRLA,@R 
Excl usive or data 
1 
1 


memory 
to A 
XRL, A, # data 
Exclusive 
or 
2 
2 


immediate 
to A 
INCA 
Increment 
A 
1 
1 


DECA 
Decrement 
A 
1 
1 


CLRA 
Clear A 
1 
1 


CPLA 
Complement 
A 
1 
1 


DAA 
Decimal 
adjust 
A 
1 
1 


SWAP A 
Swap 
nibbles 
of A 
1 
1 


RLA 
Rotate 
A left 
1 
1 


RLCA 
Rotate 
A left 
1 
1 
through 
carry 
RRA 
Rotate 
A right 
1 
1 


RRCA 
Rotate 
A right 
1 
1 
through 
carry 


Input/Output 


INA, 
P 
Input 
port to A 
1 
2 
OUTL 
P, A 
Output 
A to port 
1 
2 


ANL 
P, # data 
And immediate 
to port 
2 
2 


ORL P, # data 
Or immediate 
to port 
2 
2 


"INSA, 
BUS 
Input 
BUS to A 
1 
2 


"OUTL 
BUS, A 
Output 
A to BUS 
1 
2 


"ANL 
BUS, 
And immediate 
to BUS 
2 
2 


# data 
"ORL 
BUS, 
Or immediate 
to BUS 
2 
2 


# data 
MOVDA, 
P 
Input 
Expander 
port 
1 
2 


toA 
MOVDP,A 
Output 
A to Expandm 
1 
2 


port 


ANLD 
P,A 
And A to Expander 
port 
1 
2 


ORLD 
P, A 
Or A to Expander 
port 
1 
2 


Mnemonics 
copyright 
Intel Corporation 
1983, 
"For use with 
internal 
memory 
only, 


Mnemonic 
Deacrlptlon 
Bytes 
Cycles 


Registers 


INCR 
Increment 
register 
1 
1 


INC@R 
Increment 
data memory 
1 
1 


DECR 
Decrement 
register 
1 
1 


Brench 


JMP addr 
Jump 
unconditional 
2 
2 


JMPP@A 
Jump 
indirect 
1 
2 


DJNZ 
R, addr 
Decrement 
register 
2 
2 


and jump 


JC addr 
Jump 
on carry = 1 
2 
2 


JNC 
addr 
-Jump on carry = 0 
2 
2 


JZ addr 
Jump 
on A Zero 
2 
2 


JNZ 
addr 
Jump 
on A not Zero 
2 
2 


JTO addr 
Jump 
on TO = 1 
2 
2 


JNTO addr 
Jump 
on TO = 0 
2 
2 


JT1 addr 
Jump 
on T1 = 1 
2 
2 


JNT1 
addr 
Jump 
on T1 = 0 
2 
2 


JFO addr 
Jump 
on FO = 1 
2 
2 


JF1 addr 
Jump 
on F1 = 1 
2 
2 


JTF addr 
Jump 
on timer 
flag = 1 
2 
2 


JNI addr 
Jump 
on INT = 0 
2 
2 


JBb addr 
Jump 
on Accumulator 
2 
2 


Bit 


Subroutine 


CALL 
addr 
Jump 
to subroutine 
2 
2 


RET 
Return 
1 
2 


RETR 
Return 
and restore 
1 
2 


status 


Flegs 


CLR C 
Clear 
Carry 
1 
1 


CPLC 
Complement 
Carry 
1 
1 


CLR FO 
Clear 
Flag 0 
1 
1 


CPL FO 
Complement 
Flag 0 
1 
1 


CLR F1 
Clear 
Flag 1 
1 
1 


CPL F1 
Complement 
Flag 1 
1 
1 


Dele Moves 


MOVA, 
R 
Move register 
to A 
1 
1 


MOVA,@R 
Move data memory 
1 
1 


toA 
MOV A, # data 
Move immediate 
to A 
2 
2 


MOV R, A 
Move A to register 
1 
1 


MOV@R,A 
Move A to data 
1 
1 


memory 
MOV R, # data 
Move immediate 
2 
2 


to register 
MOV@R, 
Move immediate 
to 
2 
2 


# data 
data memory 
MOVA, 
PSW 
Move PSWtoA 
1 
1 


MOVPSW,A 
Move A to PSW 
1 
1 


8048AH/87 48H/8049AH/8050AH/87 
49H 


Instruction set Summary (Con't) 


Mnemonic 
Deacrlptlon 
Byte. 
Cycle 


O.t. 
Move. 
(Confd) 
XCH A, R 
Exchange 
A and 
1 
1 
register 
XCHA,@R 
Exchange 
A and 
1 
1 
data memory 


XCHDA,@R 
Exchange 
nibble of A 
1 
1 
and register 


MOVXA,@R 
Move external 
data 
1 
2 
memory 
toA 


MOVX@R,A 
Move A to external 
1 
2 
data memory 


MOVPA,@A 
Move to A from 
1 
2 


current 
page 


MOVP3A,@A 
Move to A from Page 3 
1 
2 


Timer/Counter 
MOVA, 
T 
Aead Timer/Counter 
1 
1 


MOVT,A 
load 
Timer/Counter 
1 
1 


STATT 
Start Timer 
1 
1 


STAT CNT 
Start Counter 
1 
1 


STOP TCNT 
Stop Timer/C,)unter 
1 
1 


EN TCNTI 
Enable Timer/Counter 
1 
1 


Interrupt 
DIS TCNTI 
Disable Timer/Counter 
1 
1 


Interrupt 


Mnemonic 
Oeacrlpllon 
Byte. 
Cycle 


Control 
EN I 
Enable external 
1 
1 


Interrupt 


DIS I 
Disable external 
1 
1 


Interrupt 


SEl 
ABO 
Select register 
bank 0 
1 
1 


SEl 
AB1 
Select register 
bank 1 
1 
1 


SEl 
MBO 
Select memory 
bank 0 
1 
1 


SEl 
MBl 
Select memory 
bank 1 
1 
1 


ENTO ClK 
Enable clock output 
1 
1 


on TO 


NOP 
No Operation 
1 
1 


A 
AC 
addr 
Bb 
BS 
BUS 
C 
ClK 
CNT 
CRR 
D 
data 
DBF 
FO,F1 
I 
P 
PC 
Pp 
PSW 
Ri 
Rr 
SP 
T 
TF 
TO, T1 
X 
# 
@ 
$ 
(X) 
((X) ) 


IMCS®-48 INSTRUCTION 
SET 
S;~mbols and Abbreviations 
Used 


Accumulator 
Auxiliary 
Carry 
12-Bit Program Memory Address 
Bit Designator 
(b = 0-7) 
Bank Switch 
BUS Port 
Carry 
Clock 
Event Counter 
Conversion 
Result Register 
Mnemonic 
for 4-Bit Digit (Nibble) 
8-Bit Number or Expression 
Memory Bank Flip-Flop 
Flag 0, Flag 1 
Interrupt 
Mnemonic 
for "in-page" 
Operation 
Program Counter 
Port Designator 
(p = 1, 2 or 4-7) 
Program Status Word 
Data memory Poi nter (i = 0, or 1) 
Register Designator 
(r = 0-7) 
Stack Pointer 
Timer 
Timer Flag 
Test 0, Test 1 
Mnemonic 
for External RAM 
Immediate 
Data Prefix 
Indirect Address Prefix 
Current Value of Program Counter 
Contents 
of X 


Contents 
of location 
Addressed 
by X 
Is Replaced by 


ADD A,Rr 
Add Register Contents to Accumulator 


Encoding: I 0 1 1 0 [~ 
S8H-SFH 


Description: 
The contents 
of register 'r' are added to the accumulator. 
Carry is 


affected. 


Operation: 
(A) - 
(A) + (Rr) 


Example: 
ADDREG: 
ADD A,RS 


r = 0-7 


;ADD REG S CONTENTS 
;TOACC 


Encoding; 
I 0 1 1 O~) 
0 0 i I 


Description: 
The contents of the resident data memory location addressed by register 'i' bits 
0-5** 
are a.dded to the accumulator. Carry is affected. 


Operation: 
(A) - 
(A) + ((Ri)) 
i = 0-1 


Example: 
ADDM: 
MOV RO,#01 FH 
;MOVE '1F' HEX TO REG 0 
ADD A, @RO 
;ADD VALUE OF LOCATION 
;31 TO ACC 


ADD A,#data 
Add Immediate 
Data to Accumulator 


Encoding: I 0 0 0 0 ~) 
0 1 1 I 
I d7 dS d5 d4 I d3 d2 d1 dO I 
03H 


Description: 
This is a 2-cycle 
instruction. 
The specified 
data is added to the accumulator. 


Carry is affected. 


Operation: 
(A) - 
(A) + data 


Example: 
ADDID: 
ADD A,#ADDER: 
;ADD VALUE OF SYMBOL 
;ADDER' TO ACC 


ADDC 
A,Rr 
Add Carry sind Register Contents to Accumulator 


Encoding: 
10 1 1 1 [1 
r r r I 
78H-7FH 


Description: 
The content 
of the carry bit is added to accumulator 
location 
0 and the carry 
bit cleared. The contents 
of register 'r' are then added to the accumulator. 


Carry is affected. 


Operation: 
(A) - 
(A) + (Rr) + (C) 


Example: 
ADDRGC: 
ADDC A,R4 


r = 0-7 


;ADD CARRY AND REG 4 
;CONTENTS 
TO ACC 


•• 0-5 
in 8048AH/8748H 


0-6 
in 8049AH/8749H 


0-7 
in 8OSOAH 


Encoding: 


Description: 


10 1 1 1 ~~ 
7oH-71H 


The content of the carry bit is added to accumulator location 0 and the carry bit 
cleared. Then the contents of the resident data memory location addressed by 
register 'i' bits O-S** are added to the accumulator. Carry is affected. 


Operation: 
(A) - 
(A) + ((Ri)) 
+ (C) 


Example: 
ADDMC: 
MOV R1,#40 
ADDCA,@R1 


i = 0-1 


;MOVE '40' DEC TO REG 1 
;ADD CARRY AND LOCATION 
40 
;CONTENTS 
TO ACC 


ADDC A,@data 
Add Carrlf and Immediate 
Data to Accumulator 


Encoding: 
10 a a 1 ~~ 
I d7 d6 dS d4 Id3 d2 d1 do I 
13H 


Description: 
This is a 2-cycle instruction. 
The content of the carry bit is added to 
accumulator 
location a and the carry bit cleared. Then the specified 
data is 
added to the accumulator. 
Carry is affected. 


Operation: 
(A) - 
(A) + data + (C) 


Example: 
AD DC A,#225 
;ADD CARRY AND '22S' DEC 
;TO ACC 


ANL A,Rr 
Logical AND Accumulator 
with Register Mask 


Encoding: 
10 1 a 1 I~~ 
S8H-SFH 


Description: 
Data in the accumulator 
is logically 
AN13ed with the mask contained 
in 
working 
register 'r'. 


Operation: 
(A) - 
(A) AND (Rr) 


Example: 
ANDREG: 
ANL A,R3 


r = 0-7 


;'AND' ACe CONTENTS WITH MASK 
;IN REG 3 


Encoding: 
10 1 a 1 ~~ 


Description: 
Data in the accumulator 
is logically 
ANDed with the mask contained 
in the 
data memory location 
referenced 
by register 'i' bits O-S**. 


Operation: 
(A) - 
(A) AI\lD ((Ri)) 
i = 0-1 


Example: 
ANDDM: 
MOV Ro,#03FH 
;MOVE '3F' HEX TO REG a 
ANL A, @RO 
;'AND' ACC CONTENTS 
WITH 
;MASK IN LOCATION 
63 
** 0-5 
in 8048AH/81'48H 


0-6 
in 8049AH/87'49H 
0-7 
in 8050AH 


ANL A,#data 
Logical AND Accumulator 
with Immediate 
Mask 


Encoding: 
10 1 0 1 [ 0 0 1 1 I 
I d7 d6 dS d41 d3 d2 d1 dOI 
S3H 


Description: 
This is a 2-cycle 
instruction. 
Data in the accumulator 
is logically 
ANDed 
with an immediately-specified 
mask. 


Operation: 
(A) - 
(A) AND data 


Examples: 
ANDID: 
ANL A,#OAFH 
;'AND' ACC CONTENTS 
;WITH MASK 10101111 
;'AND' ACC CONTENTS 
;WITH VALUE OF EXP 
;'3 + Xy/y' 


Encoding: 
11 0 0 1 [1 
0 0 0 I 
Id7 d6 dS d4 I d3 d2 d1 dOI 
98H 


Description: 
This is a 2-cycle instruction. 
Data on the BUS port is logically 
ANDed 
with an immediately-specified 
mask. This instruction 
assumes prior 


specification 
of an 'OUTL BUS, A' instruction. 


Operation: 
(BUS) - 
(BUS) AND data 


Example: 
ANDBUS: 
ANL BUS,#MASK 
;'AND' BUS CONTENTS 
;WITH MASK EQUAL VALUE 
;OF SYMBOL 'MASK' 


Encoding: 
11 0 0 1 Q 0 P PI 
Id7 d6 dS d41 d3 d2 d1 dol 
99H-9AH 


Description: 
This is a 2-cycie 
instruction. 
Data on port 'p' is logically 
ANDed with an 


immediately-specified 
mask. 


Operation: 
(Pp) - 
(Pp) AND DATA 


Example: 
ANDP2: 
Ai'lL P2,#OFOH 


p = 1-2 


;'AND' PORT 2 CONTENTS 
;WITH MASK 'FO' HEX 
;(CLEAR P20-23) 


ANLD 
Pp,A 
Logical AND P,ort 4-7 with Accumulator 
Mask 


Encoding: 
11 0 0 1 ~~ 
9CH-9FH 


Description: 
This is a 2-cycle 
instruction. 
Data on port 'p' is logically 
ANDed with the 
digit mask contained 
in accumulator 
bits 0-3. 


Operation: 
(Pp) - 
(Pp) AND (AO-3) 
P = 4-7 
Note: The mapping 
of port 'p' to opcode bits 0-1 is as follows: 
1 0 
Port 


00 
4- 


01 
Eo 


10 
Eo 


1 1 
7 


Example: 
ANDP4: 
ANLD P4,A 
;'AND' PORT 4 CONTENTS 
;WITH ACC BITS 0-3 


CALL address 
Subroutine 
Call 


Encoding: I a10 a9 a8 1 [ 0 1 0 0 I 
Ia7 a6 a5 a4! 
a3 a2 a1 aOI 


Page 
Hex Op Code 


o 
14 
1 
34 
2 
54 
3 
74 
4 
94 
5 
B4 
6 
D4 
7 
F4 


Description: 
This is a 2-cycle instruction. 
The program counter 
and PSW bits 4-7 are 
saved in the stack. The stack pointer 
(PSW bits 0-2) is updated. 
Program 
control 
is then passed to the location 
specified 
by 'address'. PC bit 11 is 
determined 
by the most recent SEL MB instruction. 


A CALL cannot 
begin in locations 
2046-2047 or 4094-4095. Execution 
continues 
at the instruction 
following 
the CALL upon return from the 
subroutine. 


Operation: 
((SP)) - 
(PC), (PSW4-7) 


(SP) - 
(SP) + 1 
(PC8-1Q) - 
(addr8_10) 


(PCO-7) - 
(addrO_7) 
(PC11) - 
DBF 


Example: 
Add three groups 
of two numbers. 
Put subtotals 
in locations 
50, 51 and 


total in location 
52. 


,A,DDA,R2 
CALL SUBTOT 
AD DC A R3 
AD DC A,R4 
CALLSUBTOT 
ADDC A,R5 
IIDDC 
A,R6 


CALL SUBTOT 


SUBTOT: 
MOV @RO,A 


INC RO 
HET 


;MOVE '50' DEC TO ADDRESS 
;REG a 
;MOVE CONTENTS 
OF REG 1 
;TO ACC 
;ADD REG 2 TO ACC 
;CALL SUBROUTINE 
'SUBTOT 
;ADD REG 3 TO ACC 
;ADD REG 4 TO ACC 
;CALL SUBROUTINE 
'SUBTOT 
;ADD REG 5 TO ACC 
;ADD REG 6 TO ACC 
;CALL SUBROUTINE 
'SUBTOT 
;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
ADDRESSED 
BY 
;REG a 
;INCREMENT 
REG a 


;RETURN TO MAIN PROGRAM 


Encoding: 


Description: 


Operation: 


Ia a 1 a ~ 
1 1 1 I 
27H 


The contents 
of the accumulator 
are cleared to zero. 


A-a 


CLR C 
Clear Carry Bit 


Encoding: 
11 a a 1 [£1 1 1 1 I 
97H 


Description: 
During 
normal 
program 
execution, 
the carry bit can be set to one by the 
ADD, ADDG, RLC, CPL C, RRC, and DAA insructions. 
This instruction 
resets the carry bit to zero. 


Operation: 
C - 
a 


Encoding: 
11 a 1 a 1]> 1 a 1 I 
ASH 


Description: 
Flag 1 is clHared to zero. 


Operation: 
(F1) - 
a 


Encoding: 
11 0 0 0 ~ 
0 1 I 
8SH 


Description: 
Flag 0 is cleared 
to zero. 


Operation: 
(FO) - 
0 


CPL A 
Complement 
Accumulator 


Encoding: 
1 0 0 1 1 ~~ 
37H 


Description: 
The contents 
of the accumulator 
are complemented. 
This is strictly 
a one's 
complement. 
Each one is changed 
to zero and vice-versa. 


Operation: 
(A) - 
NOT (A) 


Example: 
Assume 
accumulator 
contains 
01101010. 
CPLA: 
CPL A 
;ACC CONTENTS 
ARE COMPLE- 
;MENTED 
TO 10010101 


CPL C 
Complement 
Carry Bit 


Encoding: 11 
0 1 olICI:D 
A7H 


Description: 
The setting 
0'1 the carry 
bit is complemented; 
one is changed 
to zero, and 
zero is changed 
to one. 


Operation: 
(C) - 
NOT (C) 


Example: 
Set C to one; current 
setting 
is unknown. 


CT01: 
CLR C 
;C IS CLEARED 
TO ZERO 
CPL C 
;C IS SET TO ONE 


Encoding: 110 0 11I[TI 
9SH 


Description: 
The setting 
011 flag 0 is complemented; 
one is changed 
to zero, and zero is 
changed 
to one. 


Operation: 
FO- 
NOT (FO) 


Encoding: 
11 0 1. 1 ~~ 
BSH 


Description: 
The setting 
of flag 1 is complemented; 
one is changed 
to zero, and zero is 
changed 
to one. 


Operation: 
(F1) - 
NOT (F1) 


DA A 
Decimal Adjust Accumulator 


Encoding: I 0 1 0 1 ~I 
1 1 1 I 
57H 


Description: 
The 8-bit accumulator 
value is adjusted to form two 4-bit Binary Coded 
Decimal (BCD) digits following 
the binary addition 
of BCD numbers. 
The carry bit C is affected. If the contents 
of bits 0-3 are greater than nine, 


or if AC is one, the accumulator 
is incremented 
by six. 


The four hi!~h-order bits are then checked. 
If bits 4-7 exceed nine, or if 
C is one, these bits are increased by six. If an overflow 
occurs, C is set 
to one. 


Example: 
Assume accumulator 
contains 
10011011. 
DA A 
;ACC Adjusted 
to 00000001 


;WITH C SET 


C AC 7 
4 3 
0 


0010011011 


00000110 


o 
10100001 
o 1 1 0 
o 
000 
0 0 0 0 


ADD SIX TO BITS 4-7 
OVERFLOW TO C 


DEe 
A 
Decrement 
Accumulator 


Encoding: I 0 0 0 0 
~I 
1 1 1 I 
07H 


Description: 
The contents 
of the accumulator 
are decremented 
by one. The carry flag 
is not affected. 


Operation: 
(A) +- 
(A) -1 


Example: 
Decrement contents 
of external data memory location 
63. 
MOV RO,#31=H 
;MOVE '3F' HEX TO REG 0 


MOVX A, @RO 
;MOVE CONTENTS 
OF 


;LOCATION 
63 TO ACC 


;DECREMENT ACC 
;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
63 IN EXPANDED 
;MEMORY 


DECA 
MOVX@RO,A 


Encoding: 


Description: 


Operation: 


Example: 


(Rr) +- 
(Rr) -1 


DECR1: DEC R1 


r = 0-7 


;DECREMENT 
CONTENTS 
OF REG 1 


Encoding: I 0 0 0 1 E~ 
15H 


Description: 
External interrupts 
are disabled. A low signal on the interrupt 
input pin has 
no effect. 


Encoding: 
10 0 1 1~B 
35H 


Description: 
Timer/counter 
interrupts 
are disabled. Any pending timer interrupt 
request 
is cleared. ThEl interrupt 
sequence is not initiated 
by an overflow, but the 
timer flag is SEltand time accumulation 
continues. 


DJNZ Rr• address 
DeCremE!nt Register and Test 


Encoding: 
11 1 1 0 ~~ 
I a7 a6 as a4 I a3 a2 a1 aOI 
E8H-EFH 


Description: 
This is a 2-cycie instruction. 
Register 
'I" is decremented, 
then tested for 
zero. If the re~lister contains all zeros, program control 
falls through to the 
next instruction. 
If the register contents are not zero, control jumps to the 
specified 'addl"ess'. 


The address in this case must evaluate to 8-bits, that is, the jump must be 
to a location within the current 256-location 
page. 


Example: 
(Rr) - 
(Rr) -1 
I' = 0-7 
If Rr not 0 
(PCO-7) - 
addr 
Note: A 12-bit address specification 
does not cause an error if the 
DJNZ instruction 
and the jump target are on·the same page. If the DJNZ 
instruction 
be!~ins in location 255 of a page, it must jump to a target 
address on thElfollowing 
page. 


Example: 
Increment values in data memory locations 50-54. 
MOV RO,#50 
;MOVE '50' DEC TO ADDRESS 
;REG 0 


MOV R3,#5 
;MOVE '5' DEC TO COUNTER 
;REG 3 
INCRT: 
INC @RO 
;INCREMENT 
CONTENTS 
OF 


;LOCATION 
ADDRESSED BY 


;REG 0 


INC RO 
;INCREMENT 
ADDRESS IN REG 0 
DJNZ R3, INCRT 
;DECREMENT REG 3 - 
JUMP TO 
;'INCRT' IF REG 3 NONZERO 
NEXT - 
;'NEXT' ROUTINE EXECUTED 
;IF R3 IS ZERO 


Encoding: 
10 0 0 0 
~I 
1 0 1 I 
05H 


Description: 
External interrupts 
are enabled. A low signal on the interrupt 
input pin 
initiates the interrupt 
sequence. 


Encoding: 
10 0 1 0 
~J 
1 0 1 I 
25H 


Description: 
Timer/counter 
interrupts 
are enabled. An overflow 
of the timer/counter 
initiates the interrupt 
sequence. 


Encoding: 
10 1 1 1 ~I 
1 0 1 I 
75H 


Description: 
The test 0 pin is enabled to act as the clock output. This function 
is 
disabled by a system reset. 


IN A,Pp 
Input Port or Data to Accumulator 


Encoding: 
10 0 0 0 ~ 
0 p pi 
09H-OAH 


Description: 
This is a 2-cycle instruction. 
Data present on port 'p' is 


transferred 
(read) to the accumulator. 


Operation: 
(A) - 
(Pp) 


INP12: IN A,P1 
MOV R6,A 
INA,P2 
MOV R7,A 


p = 1-2 
;INPUT PORT 1 CONTENTS 
TO ACC 
;MOVE ACC CONTENTS 
TO REG 6 


;INPUT PORT 2 CONTENTS 
TO ACC 


;MOVE ACC CONTENTS 
TO REG 7 


INe 
A 
Increment 
Accumulator 


Encoding: 
10 0 0 1 IJ) 1 1 11 
17H 


Description: 
The contents 
of the accumulator 
are incremented 
by one. Carry is not 
affected. 


Operation. 
(A) - 
(A) +1 


Example: 
Increment contents of location 
100 in external data memory. 


INCA: 
MOV RO,#100 
;MOVE '100' DEC TO ADDRESS REG 0 
MOVX A,@RO 
;MOVE CONTENTS 
OF LOCATION 


;100 TO ACC 


INC A 
;INCREMENT 
A 


MOVX @RO,A 
;MOVE ACC CONTENTS 
TO 


;LOCATION 
101 


INC Rr 
Increment 
Register 


Encoding: I 0 0 0 1E~ 
18H-1 FH 


Description: 
The contents of working 
register 'r' are incremented 
by one. 


Operation: 
(Rr) - 
(Rr) + 1 
r = 0-7 


Example: 
INCRO: INC RD 
;INCREMENT 
CONTENTS 
OF REG 0 


INC @R1 Increment 
Data Memory 
Location 


Encoding: 
10 0 0 1 ~~ 
10H-11H 


Description: 
The contents of the resident data memory location addressed by register 'j' bits 
0-5** are jncrernented by one. 


Operation: 
((Ri)) - 
((Ri)) + 1 


Example: 
INCDM: 
MOV 1~1,#03FH 
INC @R1 


i = 0-1 


;MOVE ONES TO REG 1 
;INCREMENT 
LOCATION 
63 


INS A,BUS'" Strobed 
Input of BUS Data to Accumulator 


Encoding: 
10 0 0 0 ~~ 
08H 


Description: 
This is a 2-cycle instruction. 
Data present on the BUS port is transferred 
(read) to the accumulator 
when the RD pulse is dropped. 
(Refer to section 
on programming 
memory expansion for details.) 


Operation: 
(A) - 
(BUS) 


Example: 
INPBUS: 
INS Jl.,BUS 


• For use with internal 
program 
memory 
ONLY. 


··0-5 
in 8048AH/8748H 


0-6 
in 8049AH/8749H 
0-7 
in 8050AH 


JBb address 
Jump If A,ccumulator 
Bit Is Set 


Encoding: Ib2 b1 ba~ 
0 0 1 0 I 
I a7 a6 as a4 la3 
a2 a1 aO I 


Accumulator 
Bit 
Hex Op Code 


o 
12 


1 
32 


2 
S2 


3 
72 


4 
92 


S 
B2 


6 
D2 


7 
F2 


Description: 
This is a 2.-cycle instruction. 
Control 
passes to the specified 
address if 


accumulator 
bit 'b' is set to one. 


(PCO-7) -- 
addr 
(PC) = (PC) + 2 
Example: 
JB4IS1: 
JB4 NEXT 


b = 0-7 
If Bb = 1 
If Bb = 0 
;JUMP TO 'NEXT' ROUTINE 
;IF ACC BIT 4 = 1 


JC address 
Jump If Cal_rr_y_l_s_S_e_t 
_ 


Encoding: 
11 1 1 1 [0 
1 1 a I 
l-a-7-a6-a-s-a-4-I-a-3-a-2-a-1-a-0-1 
F6H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if the 
carry bit is.set to one. 


Operation: 
(PCO-7) -- 
addr 
(PC) = (PC) + 2 


Example: 
JC1: JC OVFLOW 


IfC=1 
If C = 0 


;JUMP TO 'OVFLOW' 
ROUTINE 


;IF C = 1 


JFO address 
Jump If Flllg 0 Is Set 


Encoding: 
11 0 1 1 [0 
1 1 0 I 
Ia7 a6 as a4 Ia3 a2 a1 aO I 
B6H 


Description: 
This is a 2··cycle instruction. 
Control 
passes to the specified 
address if 


flag 0 is set to one. 


Operation: 
(PCO-7) -- 
addr 


(PC) =(PC) + 2 


Example: 
JFOIS1: JFO TOTAL 


If Fa = 1 
If FO = 0 


;JUMP TO 'TOTAL' 
ROUTINE 
IF FO= 1 


10 
1 1 1 ~~ 
I a7 a6 as a4 
I a3 a2 a1 aOI 
76H 


This is a 2-cycle instruction. 
Control 
passes to the specified 
address if 


flag 1 is set to one. 


(PCO-7) - 
addr 


(PC) =(PC + 2) 


JFlIS1: 
JF1 FILBUF 


If F1 = 1 
If F1 = 0 


;JUMP TO 'FILBUF' 
;ROUTINE 
IF F1 = 1 


JMP address 
Direct Jump within 2K Block 


Encoding: Ia10 
ag a8 0 I 0 1 0 0I 
I a7 a6 as a41 a3 a2 a1 aOI 


Page 
Hex Op Code 
o 
04 


1 
24 


2 
44 


3 
64 


4 
84 


S 
A4 


6 
C4 


7 
E4 


Description: 
This is a 2-cycle instruction. 
Bits 0-10 of the program counter are replaced 
with the directly-specified 
address. The setting of PC bit 11 is 
determined 
by the most recent SELECT MB instruction. 


Operation: 
(PC8-lO) 
- 
acldr 8-10 


(PCO-7) - 
adclr 0-7 


(PCn)- 
DBF 


Example: 
JMP SUBTOT 
JMP $-6 
;JUMP TO SUBROUTINE 
'SUBTOr 


;JUMP TO INSTRUCTION 
SIX 
;LOCATIONS 
BEFORE CURRENT 
;LOCATION 
;JUMP TO ADDRESS '2F' HEX 


JMPP @A 
Indirect Jump witlt'lin Page 


Encoding: 
11 0 1 1 @IC2] 
B3H 


Description: 
This is a 2-cycle insruction. 
The contents 
of the program 
memory location 
pointed to by the accumulator 
are substituted 
for the 'page' portion 
of the 
program counter 
(PC bits 0-7). 


Operation: 
(PCO-7) -- 
«A)) 


Example: 
Assume accumulator 
contains OFH. 
JMPPAG: 
JMPP @A 
;JUMP TO ADDRESS STORED IN 
;LOCATION 
151N CURRENT PAGE 


JNC address 
Jump If Carry Is Not Set 


Encoding: 
11 1 1 0 [ 0 1 1 0 I 
1a7 a6 as a4! 
a3 a2 a1 aOI 
E6H 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified 
address if 


the carry bit is not set, that is, equals zero. 


Operation: 
(PCO-7) -- 
addr 
(PC) = 
(PC) + 2 


Example: 
JCO: JNC NOVFLO 


If C = 0 
IfC= 
1 


;JUMP TO 'NOVFLO' 
ROUTINE 
;IF C = 0 


JNI address 
Jump If Interrupt 
Input Is Low 


Encoding: 
11 0 0 0 [0 
1 1 0 I 
Ia7 a6 as a4 I a3 a2 a1 aOI 
86H 


Description: 
This is a 2··cycle instruction. 
Control 
passes to the specified 
address if the 


interrupt 
input signal is low (= 0), that is, an external interrupt 
has been 
signaled. 
(This signal initiates an interrupt 
service sequence if the external 


interrupt 
is enabled.) 


Operation: 
(PCO-7) -- 
addr 
(PC) = (PC) + 2 
Example: 
LOC 3: Jf\1I EXTINT 


If I = 0 
1f1=1 
;JUMP TO 'EXTINT' 
ROUTINE 


;IF 1= 0 


JNTO address 
Jump If '"est 0 Is Low 


Encoding: 
I 0 0 1 0 [ 0 1 1 0 I 
I a7 a6 as a41 a3 a2 a1 aOI 
26H 


Description: 
This is a 2··cycle instruction. 
Control 
passes to the specified 
address, if the 
test 0 signal is low. 


Operation: 
(PCO-7)""- 
addr 
(PC) = (PC) + 2 


Example: 
JTOLOW: JNTO 60 


If TO = 0 
If TO = 1 


;JUMP TO LOCATION 
60 DEC 
;IF TO = 0 


JNT1 address 
Jump If Test 1 Is Low 


Encoding: 
10 1 0 0 ~~ 
1a7 a6 a5 a41 a3 a2 a1 aOI 
46H 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified 
address, if 
the test 1 signal is low. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 
If T1 = 0 
IfT1 = 1 


JNZ Address 
Jump If Accumulator 
Is Not Zero 


Encoding: 
11 0 0 1 ~~ 
I a7 a6 a5 a4 I a3 a2 a1 aOI 
96H 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified 
address if the 
accumulator 
contents 
are nonzero at the time this instruction 
is executed. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JACCNO: JNZ OASH 


IfA¢O 
If A = 0 


;JUMP TO LOCATION 
'AS' HEX 
;IF ACC VALUE IS NONZERO 


JTF address 
Jump If Timer Flag Is Set 


Encoding: 
100 
0 1 ~~ 
la7 a6 a5 a41 a3 a2 a1 aOI 
16H 


Description: 
This is a 2-cyc:le instruction. 
Control 
passes to the specified 
address if the 


timer flag is SEltto one, that is, the timer/counter 
register has overflowed. 


Testing the timer flag resets it to zero. (This overflow 
initiates an interrupt 


service sequence if the timer-overflow 
interrupt 
is enabled.) 


Operation: 
(PCO-7) - 
acldr 
(PC) = (PC) + 2 


Example: 
JTF1: JTF TIMER 


IfTF 
= 1 
If TF = 0 


;JUMP TO 'TIMER' ROUTINE 
;IFTF=1 


JTO address 
Jump If Test 0 Is High 


Encoding: 


Description: 
10 0 1 1 ~~ 
1 a7 a6 a5 a41 a3 a2 a1 aO I 
36H 


This is a 2-cyc Ie instruction. 
Control 
passes to the specified 
address if 
the test 0 signal is high (= 1). 


(PCO-7) - 
addr 
(PC) = (PC) + 2 


JTOHI: JTO 53 


If TO = 1 
If TO = 0 


;JUMP TO LOCATION 
53 DEC 


;IF TO = 1 


JT1 address 
Jump If Test! 1 Is High 


Encoding: I 0 1 0 1 ~~ 
I a7 a6 as a41 a3 a2 a1 aOI 
S6H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if the 


test 1 signal is high (= 1). 


Operation: 
(PCO-7) - 
addr 


(PC) = (PC) + 2 


Example: 
JT1 HI: JT1 COUNT 


IfT1 
= 1 
IfT1 = 0 


;JUMP TO 'COUNT' 
ROUTINE 
;IFT1 
= 1 


JZ address 
Jump If Accumulator 
Is Zero 


Encoding: 
11 1 0 0 ~~ 
I a7 a6 as a41 a3 a2 a1 aol 
C6H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if 
the accumulator 
contains 
all zeros at the time this instruction 
is executed. 


Operation: 
(PCO-7) - 
addr 


(PC) = (PC) + 2 


Example: 
JACCO: 
JZ OA3H 


If A = 0 
IfA¥=1 


;JUMP TO LOCATION 
'A3' HEX 


;IF ACC VALUE IS ZERO 


MOV A,#data 
Move Immediate 
Data to Accumulator 


Encoding: I 0 0 1 0 I~)0 1 1I 
Ia7 a6 as a4 I a3 a2 a1 aOI 
23H 


Description: 
This is a 2-cycle instruction. 
The 8-bit value specified 
by 'data' is loaded 
in the accumulator. 


Operation: 
(A) - 
data. 


Example: 
MOV A,#OJ\3H 


MOV A,PSW 
Move PSW Contents to Accumulator 


Encoding: 
11' 1 0 0 [~iiiJ 
C7H 


Description: 
The contents 
of the program 
status word are moved to the accumulator. 


Operation: 
(A) - 
(PSW) 


Example: 
Jump to 'RB1 SET' routine 
if PSW bank switch, 
bit 4, is set. 


BSCHK: 
MOV A,PSW 
;MOVE PSW CONTENTS 
TO ACC 


JB4 RB1SET 
;JUMP TO 'RB1SET' IF ACC BIT 4 = 1 


MOV A,Rr 
Move Register Contents to Accumulator 


Encoding: 
11 1 1 1 I~~ 
F8H-FFH 


Description: 
8-bits of data are removed from working 
register 'r' into the accumulator. 


Operation: 
(A) - 
(Rr) 
r = 0-7 


Example: 
MAR: MOV A,R3 
;MOVE CONTENTS 
OF REG 3 TO ACC 


MOV A,@Rj 
Move Data Memory Contents to Accumulator 


Encoding 
11 1 1 1 ~~ 
FOH-F1H 


Description: 
The contents of the resident data memory location addressed by bits 0-5** of 
register 'j' are moved to the accumulator. Register 'i' contents are unaffected. 


Operation: 
(A) - 
((Ri)) 


Example: 
Assume R1 contains 00110110. 
MADM: 
MOV A,@R1 
;MOVE CONTENTS 
OF DATA MEM 


;LOCATION 
54 TO ACC 


MOV A,T 
Move Tlmer/Coulnter 
Contents to Accumulator 


Encoding: 
10 1 0 0 ~~ 
42H 


Description: 
The contents of the timer/event-counter 
register are moved to the 
accumulator. 


Operation: 
(A) - 
(T) 


Example: 
Jump to "EXIT" routine when timer reaches '64', that is, when bit 6 set- 
assuming initialization 
64, 


TIMCHK: 
MOV A,T 
JB€i EXIT 
;MOVE TIMER CONTENTS 
TO ACC 
;JUMP TO 'EXIT 
IF ACC BIT 6 = 1 


MOV PSW,A 
Move AccumlJllator Contents to PSW 


Encoding: 
11 1 0 11~22J 
D7H 


Description: 
The contents of the accumulator 
are moved into the progam status word. 


All condition 
bits and the stack pointer are affected by this move. 


Operation: 
(PSW) - 
(A) 


Example: 
Move up stac~: pointer by two memory locations, that is, increment the 
pointer by one. 
INCPTR: 
MOV A,PSW 
INCA 
MOV PSW,A 


;MOVE PSW CONTENTS TO ACC 
;INCREMENT ACC BY ONE 
;MOVE ACC CONTENTS TO PSW 


··0-5 
in 8048AH/8748H 
0-6 
in 8049AH/8749H 
0-7 
in 8050AH 


MOV Rr,A 
Move Accumulator 
Contents 
to Register 


Encoding: 
11 0 1 0 IT~ 
A8H-AFH 


Description: 
The contents 
of the accumulator 
are moved to register 'r'. 


Operation: 
(Rr) - 
(A) 
r = 0-7 


Example: 
MRA: MOV RO,A 
;MOVE CONTENTS 
OF ACC TO REG 0 


MOV Rr,#data 
Move Immediate 
Data to Register 


Encoding: 
11 0 1 1 Q: r2 r1 rOI 
I d7 d6 d5 d4 I d3 d2 d1 dO I 
B8H-BFH 


Description: 
This is a 2-cycle instruction. 
The 8-bit value specified 
by 'data' is moved to 
register 'r'. 


Operation: 
(Rr) - 
data 


Examples: 
MIR4: MOV R4,#HEXTEN 


r = 0-7 


;THE VALUE OF THE SYMBOL 
;'HEXTEN' 
IS MOVED INTO REG 4 
;THE VALUE OF THE EXPRESSION 
;'PI*(R*R)' 
IS MOVED INTO REG 5 


;'AD' HEX IS MOVED INTO REG 6 


_MOV@ Ri,A 
Move Accumulator 
Contents to Data Memory 


Encoding: 
11 0 1 0 ~~ 
AOH-A 1H 


Description: 
The contents 
of the accumulator 
are moved to the resident data memory 


location 
whose address is specified 
by bits 0-5** of register 'i'. Register 'i' 


contents 
are unaffected. 


Operation: 
((Ri)) - 
(A) 


Example: 
Assume ROcontains 
00000111. 
MDMA: 
MOV @RO,A 
;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
7 (REG 7) 


MOV @ Ri,#data 
Move Immediate Data to Data memory 


Encoding: 
11 0 1 1 ~ 
0 0 i I 
I d7 d6 d5 d4 I d3 d2 d1 dOI 
BOH-B1 H 


Description: 
This is a 2-cycle instruction. The 8-bit value specified by 'data' is moved 
to the residerJtdata memory location addressed by register 'i', bits 0-5**. 


Operation: 
((Ri)) - 
data 
i = 0-1 


Examples: 
Move the hexadecimal 
value AC3F to locations 
62-63. 


MIDM: 
MOV RO,#62 
;MOVE '62' DEC TO ADDR REG 0 


MOV @RO,#OACH 
;MOVE 'AC' HEX TO LOCATION 
62 


INC RO 
;INCREMENT 
REG 0 to '63' 
MOV @RO,#3FH 
;MOVE '3F' HEX TO LOCATION 
63 


** 0-5 
in 8048AH/8748H 
0-6 
in 8049AH/8749H 


0-7 
in 8050AH 


MOV T,A 
Move Accumulatclr 
Contents to Timer/Counter 


Encoding: 10 1 1 0 §~ 
62H 


Description: 
The contents 
of the accumulator 
are moved to the timer/event-counter 
register. 


Operation: 
(T) - 
(A) 


Example: 
Initialize 
and start event counter. 


INITEC: 
CLR A 
MOVT,A 
STAFlT CNT 


;CLEAR ACC TO ZEROS 
;MOVE ZEROS TO EVENT COUNTER 
;START COUNTER 


MOVD 
A,Pp 
Move Port 4-7 Data to Accumulator 


Encoding: 
10 0 0 0 ~~ 
OCH-OFH 


Description: 
This is a 2-cycle 
instruction. 
Data on 8243 port 'p' is moved (read) to 
accumulator 
bits 0-3. Accumulator 
bits 4-7 are zeroed. 


Operation: 
(0-3) - 
(Pp) 
(4-7) - 
0 


Note: Bits 0-7 of the opcode are used to represent ports 4-7. 
If you are 
coding 
in binary rather than assembly language, the mapping 
is as 
follows: 


Bits 1 0 
Port 


00 
4 


01 
5 


1 0 
6 


117 


Example: 
INPPT5: 
MOVD A,P5 
;MOVE PORT 5 DATA TO ACC 
;BITS 0-3, ZERO ACC BITS 4-7 


MOVD 
Pp,A 
Move Accumulator 
Data to Port 4-7 


Encoding: I 0 0 1 1 ~~ 
3CH-3FH 


Description: 
This is a 2-cycle 
instruction. 
Data in accumulator 
bits 0-3 is moved 
(written) 
to 8243 port 'p'. Accumulator 
bits 4-7 are unaffected. 
(See NOTE 
above regarding 
port mapping.) 


Operation: 
(Pp) - 
(AO-3) 
P = 4-7 


Example: 
Move data in accumulator 
to ports 4 and 5. 


OUTP45: 
MOllO 
P4,A 


SWAP A 
MOllO 
P5,A 


;MOVE ACC BITS 0-3 TO PORT 4 
;EXCHANGE 
ACC BITS 0-3 and 4-7 
;MOVE ACC BITS 0-3 TO PORT 5 


MOVP A,@A 
Move CUrrE!nt Page Data to Accumulator 


Encoding: 
11 0 1 0 I~ 0 1 1 I 
A3H 


Description: 
The contents 
of the program 
memory 
location 
addressed 
by the 


accumulator 
are moved to the accumulator. 
Only bits 0-7 of the program 


counter 
are affected, 
limiting 
the program 
memory 
reference 
to the 
current 
pag'8. The program 
counter 
is restored following 
this operation. 


Operation: 
(PCO-7) - 
(A) 


(A) - 
((PC)) 


Note: 
This is a 1-byte, 2-cycle.instruction. 
If it appears in location 
255 of a 


program 
melmory page, @A addresses a location 
in the following 
page. 


Example: 
MOV12S: 
MOV A,#12S 
MOVP A,@A 


;MOVE '12S' DEC TO ACC . 
;CONTENTS 
OF 129th LOCATION 
IN 


;CURRENT 
PAGE ARE MOVED TO ACC 


MOVP3 
A,@A 
Move Pag!! 3 Data to Accumulator 


E~codlng: 
11 1 1 0 ~ 
0 1 1 I 
E3H 


Description: 
This is a 2-cycle 
instruction. 
The contents 
of the program 
memory 
location 
(within 
pagEl 3) addressed 
by the accumulator 
are moved to the 


accumulato 
'. The program 
counter 
is restored following 
this operation. 


Operation: 
(PCO-7) - 
(A) 


(PCS-11) _. 
0011 


(A) - 
((PC)) 


Example: 
Look up ASCII equivalent 
of hexadecimal 
code in table contained 
at the 


beginning 
of page 3. Note that ASCII characters 
are designated 
by a 
7-bit code; the eighth 
bit is always reset. 


TABSCH: 
WOV A,#OBSH 
;MOVE 'BS' HEX TO ACC (10111000) 


ANL A,#7FH 
;LOGICAL 
AND ACC TO MASK BIT 


;7 (00111000) 
WOVP3 A,@A 
;MOVE CONTENTS 
OF LOCATION 
'3S' 
;HEX IN PAGE 3 TO ACC (ASCII'S') 
Access contents 
of location 
in page 3 labelled TAB1. 
Assume current 
program 
location 
is not in page 3. 


TABSCH: 
MOV A,#LOW TAB 1 
;ISOLATE 
BITS 0-7 OF LABEL 
;ADDRESS VALUE 
MOVP3 A,@A 
;MOVE CONTENTS 
OF PAGE 3 
;LOCATION 
LABELED 
'TAB1' TO ACC 


MOVX A,@RI 
Move Extermll-Data-Memory 
Contents to Accumulator 


Encoding: 
11 0 0 0 I~B 
80H-81 H 


Description: 
This is a 2-cycle instruction. 
The contents 
of the external data memory 
location 
addressed by register 'i' are moved to the accumulator. 
Register 'i' 


contents 
are unaffected. 
A read pulse is generated. 


Operation: 
(A) - 
((Ri» 


Example: 
Assume R1 contains 
01110110. 


MAXDM: 
MO\lX A,@R1 
;MOVE CONTENTS 
OF LOCATION 


;118 TO ACC 


MOVX@Rj,A 
Move Accumulator Contents to External Data Memory 


Encoding: 
11 0 0 1I~B 
90H-91 H 


Description: 
This is a 2-cycle instruction. 
The contents 
of the accumulator 
are moved to 
the external data memory location 
addressed by register 'i'. Register 'i' 
contents 
are unaffected. 
A write pulse is generated. 


Operation: 
((Ri» 
- 
A 


Example: 
Assume ROcontains 
11000111. 


MXDMA: 
MOVX @RO,A 
;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
199 IN EXPANDED 
;DATA MEMORY 


NOP 
The NOP Instruction 


Encoding: 
10 0 0 0 ~~ 
OOH 


Description: 
No operation 
is performed. 
Execution 
continues 
with the following 
instruction. 


ORL A,Rr 
Logical 
OR Accumulator 
With Register Mask 


Encoding: 
10 1 0 0 ~~ 
48H-4FH 


Description: 
Data in the accumulator 
is logically 
ORed with the mask contained 
in 
working 
register 'r'. 


Operation: 
(A) - 
(A) OFI (Rr) 


Example: 
ORREG: 
ORL A,R4 


r = 0-7 


;'OR' ACC CONTENTS 
WITH 


;MASK IN REG 4 


ORL A,@Ri 
Logical OR Accumulator 
With Memory Mask 


Encoding: 
10 1 0 0 ~) 0 0 i I 
40H-41H 


Description: 
Data in the accumulator is logically ORed with the mask contained in the 
resident data memory location referenced by register "i", bits 0-5", 


Operation: 
(A) - 
(A) OR {(Ri)) 
i = 0-1 


Example: 
ORDM: 
MOV RO,#3FH 
;MOVE '3F' HEX TO REG 0 
ORL A,@RO 
;'OR' AC CONTENTS 
WITH MASK 


;IN LOCATION 
63 


ORL A,#data 
Logical 
OR Accumulator 
With Immediate 
Mask 


Encoding: 
10 1 0 0 ~ 
0 1 1 I 
Id7 d6 d5 d4 I d3 d2 d1 dOI 
43H 


Description: 
This is a 2-cycle 
instruction. 
Data in the accumulator 
is logically 
ORed with 
an immediately-specified 
mask, 


Operation: 
(A) - 
(A) OR data 


Example: 
ORID: 
ORL A,#'X' 
;'OR' ACC CONTENTS 
WITH MASK 


;01011000 (ASCII VALUE OF 'X') 


ORL BUS,#data' 
Logical 
()R BUS With Immediate 
Mask 


Encoding: 
11 0 0 0 ~ 
0 0 0 I 
Id7 d6 dS d4 I d3 d2 d1 dOI 
88H 


Description: 
This is a 2-cycle 
instruction. 
Data on the BUS port is logically 
ORed with an 
immediately-specified 
mask. This instruction 
assumes prior specification 


on an 'oun. BUS,A' instruction. 


Operation: 
(BUS) - 
(BUS) OR data 


Example: 
ORBUS: 
OFIL BUS,#HEXMSK 
:'OR' BUS CONTENTS 
WITH MASK 


;EQUAL VALUE OF SYMBOL 'HEXMSK' 


ORL Pp, #data 
Logical on Port 1 or 2 With Immediate 
Mask 


Encoding: 
11 0 0 0 ~~ 
I d7 d6 dS d4 I' d3 d2 d1 dol 
89H-8AH 


Description: 
This is a 2-cllcle 
instruction. 
Data on port 'p' is logically 
ORed with an 


immediately·,specified 
mask. 


Operation: 
(Pp) - 
(Pp) OR data 


Example: 
ORP1: ORL P1, #OFFH 


p = 1-2 


;'OR' PORT 1 CONTENTS 
WITH MASK 
;'FF' HEX (SET PORT 1 TO ALL ONES) 


• For use with internal 
program 
memory 
ONLY. 
··0-5 
in 8048AH/8748H 


0-6 
in 8049AH/8749H 


0-7 
in 8050AH 


ORLD Pp,A 
Logical OR Port 4-7 With Accumulator 
Mask 


Encoding: 
11 0 0 0 I~~ 
8CH-8FH 


Description: 
This is a 2-cycle 
instruction. 
Data on port 'p' is logically 
ORed with the 
digit mask contained 
in accumulator 
bits 0-3. 


Operation: 
(Pp) - 
(Pp) OR (AO-3) 


Example: 
ORP7: ORLD P7,A 


p = 4-7 


;'OR' PORT 7 CONTENTS 
WITH ACC 


;BITS 0-3 


OUTL 
BUS,A· 
Output Accunlulator 
Data to BUS 


Encoding: 
10 0 0 0 ~~ 
02H 


Description: 
This is a 2-cycle instruction. 
Data residing 
in the 


accumulator 
is transferred 
(written) 
to the BUS port and 


latched. The latched data remains valid until altered by 
another OUTL instruction. 
Any other instruction 
requiring 


use of the BUS port (except INS) destroys the contents 
of 


the BUS latch. This includes expanded 
memory operations 


(such as the MOVX instruction). 
Logical operations 
on 


BUS data (AND, OR) assume the OUTL BUS,A instruction 
has been issued previously. 


Operation: 
(BUS) - 
(A) 


Example: 
OUTLBP: 
OU- L BUS, A 


OUTL 
Pp,A 
Output Accumlillator 
Data to Port 1 or 2 


Encoding: I 0 0 1 1 ~~ 
39H-3AH 


Description: 
This is a 2-cycle instruction. 
Data residing 
in the accumulator 
is transferred 
(written) 
to po't 'p' and latched. 


Operation: 
(Pp) - 
(A) 


Example: 
OUTLP: 
MOV A,R7 
OUTL P2,A 
MOV A, R6 
OUTL P1,A 


p = 1-2 


;MOVE REG 7 CONTENTS 
TO ACC 
;OUTPUT ACC CONTENTS 
TO PORT 2 
;MOV REG 6 CONTENTS 
TO ACC 


;OUTPUT ACC CONTENTS 
TO PORT 1 


RET 
Return Without PSW Restore 


Encoding: 
11 0 0 0 [0 
0 1 1I 
83H 


Description: 
This is a 2-cycle instruction. 
The stack pointer (PSW bits 0-2) is 
decremented. 
The program counter is then restored from the stack. PSW 
bits 4-7 am not restored. 


Operation: 
(SP) - 
(SO)-1 


(PC) - 
((SP)) 


RETR 
Return with PSW Restore 


Encoding: 
11 0 0 1IJI 0 1 1I 
93H 


Description: 
This is a 2-cycle instruction. 
The stack pointer is decremented. 
The 
program counter and bits 4-7 of the PSW are then restored from the stack. 
Note that RETR should be used to return from an interrupt, 
but should 


not be used within the interrupt service routine as it signals the end of an 
interrupt 
routine by resetting the Interrupt 
in Progress flip-flop. 


Operation: 
(SP) - 
(SP)-1 


(PC) - 
((SP)) 


(PSW 4-7) 
4- 
((SP)) 


RL A 
Rotate Left without CIHrry 


Encoding: 
11 1 1 0 ~~ 
E7H 


Description: 
The contents.. of the accumulator 
are rotated left one bit. Bit 7 is rotated 
into the bit 0 position. 


Operation: 
(An + 1) - 
(An) 
(AO)- 
(A7) 


Example: 
Assume accumulator 
contains 
10110001. 


RLNC: 
RL A 
;NEW ACC CONTENTS 
ARE 01100011 


RLC A 
Rotate Left through 
Carry 


Encoding: 
11 1 1 1 ~~ 
F7H 


Description: 
The contents 
of the accumulator 
are rotated left one bit. Bit 7 replaces the 
carry bit; the carry bit is rotated into the bit 0 position. 


Operation: 
(An + 1) - 
(A'l) 
n = 0-6 
(AO)- 
(C) 
(C)- 
(A7) 


Example: 
Assume accumulator contains a 'signed' number; isolate sign without 
changing value 
RLTC: CLR C 
;CLEAR CARRY TO ZERO 


RLC A 
;ROTATE ACC LEFT, SIGN 
;BIT(7) IS PLACED IN CARRY 
RR A 
;ROTATE ACC RIGHT - 
VALUE 
;(BITS 0-6) IS RESTORED, 
;CARRY UNCHANGED, 
BIT 7 
;IS ZERO 


RR A 
Rotate Right without !Carry 


Encoding: I 0 
1 1 1 ~~ 
77 H 


Description: 
The contents 
of the accumulator 
are rotated right one bit. Bit 0 is rotated 
into the bit 7 position. 


Operation: 
(An) - 
(An + 1) 
(A7) - 
(AO) 


Example: 
Assume accumulator 
contains 
10110001. 
RRNC: 
RR A 
;NEW ACC CONTENTS 
ARE 11011000 


RRC A 
Rotate Right thfCIugh Carry 


Encoding: 
10 1 1 0 0) 1 1 11 
67H 


Description: 
The contents of the accumulator 
are rotated right one bit. Bit 0 replaces the 
carry bit; the carry bit is rotated into the bit 7 position. 


Operation: 
(An) - 
(An + 1) 
n = 0-6 
(A7)-(C]i 


(C) - 
(AO) 


Example: 
Assume carry is not set and accumulator 
contains 
10110001. 


RRTC: RRG A 
;CARRY IS SET AND ACC 
;CONTAINS 
01011000 


SEL MBO 
Select Memory 
Bank 0 


Encoding: 
11 1 1 0 [0 
1 0 1 I 
E5H 


Description: 
PC bit 11 i:>set to zero on next JMP or CALL instruction. 
All references to 


program 
memory addresses fall within the range 0-2047. 


Operation: 
(DBF) - 
() 


Example: 
Assume program counter contains 834 Hex. 
SEL MBO 
;SELECT MEMORY BANK 0 
JMP $+20 
;JUMP TO LOCATION 
58 HEX 


SEL MB1 
Select Memory 
Bank 1 


Encoding: 
11 1 1 1 [0 
1 0 1 I 
F5H 


Description: 
PC bit 11 i:>set to one on next JMP or CALL instruction. 
All references to 


program 
memory addresses fall within the range 2048-4095. 


Operation: 
(DBF) - 
1 


SEL RBO 
Select Register Bank 0 


Encoding: 
11 1 0 0 I~~ 
C5H 


Description: 
PSW bit 4 is set to zero. References to working 
registers 0-7 address data 
memory locations 
0-7. This is the recommended 
setting for normal 
program execution. 


Operation: 
(BS) +- 
0 


SEL RB1 
Select Register 8,ank 1 


Encoding: 
11 1 0 1 E~ 
D5H 


Description: 
PSW bit 4 is s,etto one. References to working 
registers 0-7 address data 
memory locat ions 24-31. This is the recommended 
setting for interrupt service 
routines, 
since locations 
0-7 are left intact. The setting of PSW bit 4 in 
effect at the time of an interrupt 
is restored by the RETR instruction 
when 
the interrupt 
'service routine 
is completed. 


Operation: 
(BS) +- 
1 


Example: 
Assume an external 
interrupt 
has occurred, 
control 
has passed to program 
memory location 
3, and PSW bit 4 was zero before the interrupt. 


SEL RB1 
MOV R7,#OFAH 


;JUMP TO ROUTINE 'INIT' 
IF 


;INTERRUPT 
INPUT IS ZERO 
;MOVE ACC CONTENTS 
TO 


;LOCATION 
7 


;SELECT REG BANK 1 
;MOVE 'FA' HEX TO LOCATION 
31 


SEL RBO 
MOV A,R7 
RETR 


;SELECT REG BANK 0 
;RESTORE ACC FROM LOCATION 
7 
;RETURN - 
RESTORE PC AND PSW 


STOP TCNT 
Stop Timer/E:vent-Counter 


Encoding: I0 1 1 0 I~~ 
65H 


Description: 
This instruction 
is used to stop both time accumulation 
and event counting. 


Example: 
Disable 
int,errupt, 
but jump 
to interrupt 
routine 
after eight 
overflows 
and 


stop timer. 
Count 
overflows 
in register 
7. 


START: 
DIS TCNTI 
CLR A 
MOVT,A 
MOV R7,A 
STRT T 
MAIN: 
JTF COUNT 


JMP MAIN 


COUNT: 
INC R7 
MOV A,R7 
JB31NT 


INT: 
STOP TCNT 
JMP 7H 


;DISABLE 
TIMER 
INTERRUPT 
;CLEAR 
ACC TO ZEROS 


;MOVE ZEROS 
TO TIMER 


;MOVE ZEROS 
TO REG 7 


;START TIMER 
;JUMP 
TO ROUTINE 
'COUNT' 


;IF TF = 1 AND CLEAR 
TIMER 
FLAG 
;CLOSE 
LOOP 


;INCREMENT 
REG 7 


;MOVE 
REG 7 CONTENTS 
TO ACC 
;JUMP TO ROUTINE 
'INT' 
IF ACC 
;BIT 3 IS SET (REG 7 = 8) 
;OTHERWISE 
RETURN 
TO ROUTINE 


;MAIN 


;STOP TIMER 
;JUMP 
TO LOCATION 
7 (TIMER) 
;INTERRUPT 
ROUTINE 


Encoding: 


Description: 


I0100~~ 


The test 1 (T 1) pin is enabled 
as the event-counter 
input 
and the counter 
is started. 
The event-counter 
register 
is incremented 
with each high-to-Iow 
transition 
on the T1 pin. 


Initia1ize and start event counter. 
Assume 
overflow 
is desired 
with 
first T1 
input. 
STARTC: 
EN TCNTI 
MOV A,#OFFH 
MOV T,A 
STRT CNT 


;ENABLE 
COUNTER 
INTERRUPT 
;MOVE 'FF'HEX 
(ONES) 
TO ACC 
;MOVES 
ONES TO COUNTER 
;ENABLE 
T1 AS COUNTER 


;INPUT 
AND START 


STRT T 
Start Timer 


Encoding: I0 1 0 1 I~~ 
55H 


Description: 
Timer accumulation 
is initiated 
in the timer register. The register is 


incremented 
every 32 instruction 
cycles. The prescaler 
which counts the 


32 cycles is cleared but the timer register is not. 


Example: 
Initialize 
and start timer. 


STARTT: 
CLR A 
MOV T,A 
EN TCNTI 
STRT T 


;CLEAR ACC TO ZEROS 
;MOVE ZEROS TO TIMER 
;ENABLE TIMER INTERRUPT 
;START TIMER 


Encoding: 


Description: 


Operation: 


Example: 


10100 
~~ 
47H 


Bits 0-3 of the accumulator 
are swapped with bits 4-7 of the accumulator. 


(A4-7) ~ 
(AO-3) 


Pack bits 0<1 of locations 
50-51 into location 
50. 


PCKDIG: 
MOV RO,#50 
;MOVE '50' DEC TO REG 0 
MOV R1, #51 
;MOVE '51' DEC TO REG 1 
XCHD A,@RO 
;EXCHANGE 
BITS 0-3 OF ACC 


;AND LOCATION 
50 


;SWAP BITS 0-3 AND 4-7 OF ACC 
;EXCHANGE 
BITS 0-3 OF ACC AND 
;LOCATION 
51 


;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
50 


SWAP A 
XCHD A,@R1 


XCH A,Rr 
Exchange 
Accumulator-Register 
Contents 


Encoding: [o~ 
r r r J 
28H-2FH 


Description: 
The contents 
of the accumulator 
and the contents 
of working 
register 'r' 


are exchanged. 


Operation: 
(A) ~ 
(Rr) 
r = 0-7 


Example: 
Move PSW contents 
to Reg 7 without 
losing accumulator 
contents. 
XCHAR7: 
XCH A,R7 
;EXCHANGE 
CONTENTS 
OF REG 7 
;AND ACC 
;MOVE PSW CONTENTS 
TO ACC 
;EXCHANGE 
CONTENTS 
OF REG 7 
'AND ACC AGAIN 


~OV A, PSW 
XCH A,R7 


Encoding: 


Description: 


10 0 1 0 I~~ 
20H-21 H 


The contents 
of the accumulator 
and the contents 
of the resident data 


memory location 
addressed 
by bits 0-5*' 
of register 'i' are exchanged. 


Register 'i' Gontents are unaffected. 


Operation: 
(A) ~ 
((Ri)) 
i = 0-1 


Example: 
Decrement 
contents 
of location 
52. 


DEC52: 
MOV RO,#52 
;MOVE '52' DEC TO ADDRESS REG 0 


XCH A,@RO 
;EXCHANGE 
CONTENTS 
OF ACC 
. 
;AND LOCATION 
52 


;DECREMENT 
ACC CONTENTS 


;EXCHANGE 
CONTENTS 
OF ACC 


;AND LOCATION 
52 AGAIN 


DECA 
XCH A,@RO 


Encoding: 


Description: 


1001 
1 ~~ 


This instruction 
exchanges 
bits 0-3 of the accumulator 
with bits 0-3 of 
the data memory location 
addressed 
by bits 0-5** of register 'i'. Bits 4-7 of 
the accumulator, 
bits 4-7 of the data memory location, 
and the contents 
of 
register 'i' al'e unaffected. 


Operation: 
(AO-3) ~ 
((RiO-3)) 
i = 0-1 


Example: 
Assume program 
counter 
contents 
have been stacked in locations 
22-23. 


XCHNIB: 
MOV RO,#23 
CLRA 
XCHD A,@RO 


;MOVE '23' DEC TO REG 0 
;CLEAR ACC TO ZEROS 
;EXCHANGE 
BITS 0-3 OF ACC AND 
;LOCATION 
23 (BTS 8-11 OF PC ARE 
;ZEROED, ADDRESS REFERS 
:TO PAGE 0) 


XRL A,Rr 
Logical XOR Al:cumulator 
With Register Mask 


Encoding: 
11 1 0 1 I~~ 
D8H-DFH 


Description: 
Data in the accumulator 
is EXCLUSIVE ORed with the mask contained 
in 


working 
register 'r'. 


Operation: 
(A) +- 
(A) XOR (Rr) 


Example: 
XORREG: 
XRL A,R5 


r = 0-7 


;'XOR' ACC CONTENTS 
WITH 
;MASK IN REG 5 


··0-5 
in 8048AHt8748H 


0-6 
in 8049AH/8749H 


0-7 
in 80SOAH 


XRL A,@Ri 
Logical XOR Accumulator 
With Memory 
Mask 


Encoding: 
11 1 0 1 ~~ 
DOH-D1 H 


Description: 
Data in the accumulator is EXCLUSIVE ORed with the mask contained in the 
data memory location addressed by register 'i', bits 0-5.*' 


Operation: 
(A) - 
(A) XOR ((Ri)) 
i = 0-1 


Example: 
XORDM: 
MOV R1,#20H 
;MOVE '20' HEX TO REG 1 
XRL A,@R1 
;'XOR' ACC CONTENTS 
WITH MASK 


;IN LOCATION 
32 


XRL A,#data 
Logical XOR Accumulator 
With Immediate 
Mask 


Encoding: 
11 1 0 1 ~~ 
[d7 dB d5 d4 I d3 d2 d1 dol 
D3H 


Description: 
This is a 2-cycle 
instruction. 
Data in the accumulator 
is EXCLUSIVE 
ORed 
with an immediately-specified 
mask. 


Operation: 
(A) - 
(A) XOR data 


Example: 
XORID: 
XOR A,#HEXTEN 
;XOR CONTENTS 
OF ACC WITH 
MASK 
;EQUAL VALUE OF SYMBOL 'HEXTEN' 
··0-5 
in 8048AH/8748H 
0-6 
in 8049AH/8749H 
0-7 
in 8050AH 
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Configuration 


Symbol 
Pin No. 
Function 


PROG 
7 
Clock Input. A high to low transition on PROG signifies that address 
and control are available on P20-P23, and a low to high transition 
signifies that data is available on P20-P23. 


CS 
6 
Chip Select Input. A high on CS inhibits any change of output or 
internal status. 


P20-P23 
11-8 
Four (4) bit bi-directional port contains the address and control bits on 
a high to low transition of PROG. During a low to high transition, P2 
contains the data for a selected output port if a write operation, or the 
data from a selected port before the low to high transition if a read 
operation. 


GND 
12 
OVsupply. 


P40-P43 
2-5 
Four (4) bit bi-directionall/O ports. 


P50-P53 
1,23-21 
May be programmed to be input (during read), low impedance latched 
P60-P63 
20-17 
output (after write), or a tri-state (after read). Data on pins P20-P23 


P70-P73 
13-16 
may be directly written, ANDed or ORed with previous data. 


Vcc 
24 
+5V supply. 


General Operation 


The 8243 contains four 4-bit I/O ports which serve 
as an extension of the on-chip I/O and are ad- 
dressed as Ports 4-7. The following operations may 
be performed on these ports: 
• Transfer Accumulator to Port. 
• Transfer Port to Accumulator. 


• AND Accumulator to Port. 
• OR Accumulator to Port. 


All communication between the 8048 and the 8243 
occurs over Port 2 (P20-P23) with timing provided 
by an output pulse on the PROG pin of the proces- 
sor. Each transfer consists of tViO4-bit nibbles: 


The first containing the "op code" and port address 
and the second containing the actual 4-bits of data. 
A high to low transition of the PROG line indicates 
that address is present while a low to high transition 
indicates the presence of datel. Additional 8243's 
may be added to the 4-bit bu~,and chip selected 
using 
additional 
output 
lines 
from 
the 


8048/8748/8035. 


Initial application of power to the device forces in- 
put/ output Ports 4, 5, 6, and 7 to the tri-state and 
Port 2 to the input mode. The PROG pin may be 


either high or low when power is applied. The first 
high to low transition of PROG causes the device to 
exit power on mode. The power on sequence is ini- 
tiated if Vcc drops below 1V. 


P21 
P20 
Address 
P23 
P22 
Instruction 
Code 
Code 


Read 
Write 
ORLD 
ANLD 


Port 4 
Port 5 
Port 6 
Port 7 


The device has three write modes. MOVD Pi, A di- 
rectly writes new data into the selected port and old 
data is lost. ORLD Pi, A takes new data, OR's it with 
the old data and then writes it to the port. ANLD Pi, 
A takes new data, AND's it with the old data and 
then writes it to the port. Operation code and port 
address are latched from the input Port 2 on the high 
to low transition of the PROG pin. On the low to high 
transition of PROG data on Port 2 is transferred to 
the logic block of the specified output port. 


After the logic manipulation is performed, the data is 
latched and outputed. The old data remains latched 
until new valid outputs are entered. 


The device has one read mode. The operation code 
and port address are latched from the input Port 2 


on the high to low transition 
of the 
PROG 
pin. As 


soon 
as the 
read 
operation 
and 
port 
address 
are 


decoded, 
the appropriate 
outputs 
are tri-stated, 
and 


the input buffers 
switched 
on. The read operation 
is 


terminated 
by a low to high transition 
of the PROG 


pin. The 
port 
(4, 5, 6 or 7) that 
was 
selected 
is 


switched 
to the tri-stated 
mode 
while 
Port 2 is re- 


turned 
to the input mode. 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
_. 65·C to + 150·C 


Voltage 
on Any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1 Watt 


Normally, 
a port will be in an output 
(write mode) 
or 
input (read mode). If modes 
are changed 
during op- 


eration, 
the first read following 
a write should 
be ig- 


nored; all following 
reads are valid. This is to allow 
the external 
driver on the port to settle after the first 
read 
instruction 
removes 
the 
low impedance 
drive 
from the 8243 output. 
A read of any port will leave 
that port in a high impedance 
state. 


*Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Test 


Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee + 0.5 
V 


VOL1 
Output Low Voltage 
Ports 4- 7 
0.45 
V 
IOL = 4.5 mA* 


VOL2 
Output Low Voltage 
Port 7 
1 
V 
IOL = 20mA 


VOH1 
Output High Voltage 
Ports 4-7 
2.4 
V 
IOH = 240,."A 


IIL1 
Input Leakage 
Ports 4-7 
-10 
20 
,."A 
Vin = Vee to OV 


IIL2 
Input Leakage 
Port 2, CS, PROG 
-10 
10 
,."A 
Vin = Vee to OV 


VOL3 
Output Low Voltage 
Port 2 
0.45 
V 
IOL = 0.6mA 


Ice 
Vee Supply Current 
10 
20 
mA 
(Note 1) 


VOH2 
Output Voltage 
Port 2 
2.4 
IOH = 100,."A 


IOL 
Sum of AII10L From 16 Outputs 
72 
mA 
4.5 mA Each Pin 


Symbol 
Pa.rameter 
Min 
Max 
Units 
Test Conditions 


tA 
Code Valid before PROG 
50 
ns 
80 pF Load 


ts 
Code Valid aftm PROG 
60 
ns 
20 pF Load 


tc 
Data Valid before PROG 
200 
ns 
80 pF Load 


tD 
Data Valid after PROG 
20 
ns 
20 pF Load 


tH 
Floating after PROG 
0 
150 
ns 
20 pF Load 


tK 
PROG Negati'le 
Pulse Width 
700 
ns 


tcs 
CS Valid before/after 
PROG 
50 
ns 


tpo 
Ports 4-7 Valid after PROG 
700 
ns 
100 pF Load 


tlP1 
Ports 4-7 Valid before/ after PROG 
100 
ns 


tACC 
Port 2 Valid after PROG 
650 
ns 
80 pF Load 


NOTE: 
1. Icc (-40'C 
to 85'C 
EXPRESS options) 
15 mA typical/25 
mA maximum. 


20> 
TEST POINTS 


08 
<2.0 


0.8 


270161-3 
A.C. Testing: 
Inputs are driven 
at 2.4'1 for a Logic 
"1" 
and 0.45'1 for a Logic "0". 
Output 
timing 
measurements 
are made aI2.0'l 
for Logic 
"1" 
and 0.8'1 for a Logic 
"0". 


POAT 
2 
FLOAT 
FLOAT 


POAT2 


,.,,~ 
~'X 
OUTPUT 
VAllO 


IpO 


POATS 
4-7 
PAEVIOUS 
OUTPUT 
VALID 
OUTPUT 
VALlO 


liP 
- 
liP 


POATS4·7 
INPUT 
VALID 


c!:;p 
,. 
75 
..z.. 
'"'":>u,.zin 
5(l 
..•~ 
o.. 


'GUARANTEED 
WORST 
CASE 


CURRENT 
SINKING 
CAPABILITIES 


OF ANY 
1/0 PORT 
PIN 
'", 
TOTAL 


SINK 
CURRENT 
OF ALL 
PINS 


Sink Capability 


The 8243 can sink 5 mA 
@ 0.45V on each of its 16 


I/O 
lines 
simultaneously. 
If, however, 
all lines 
are 


not sinking 
simultaneously 
or all lines are not fully 


loaded, 
the drive capability 
of any individual 
line in- 


creases 
as is shown 
by the accompanying 
curve. 


For example, 
if only 
5 of the 
16 lines 
are to sink 


current 
at one time, the curve 
shows 
that 
each 
of 


those 
5 lines is capable 
of sinking 9 mA 
@ 0.45V (if 


any lines are to sink 9 mA the total 
IOL must 
not 


exceed 
45 mA or five 9 mA loads). 


Example: 
How 
many 
pins 
can 
drive 
5 TTL 
loads 


(1.6 mAl assuming 
remaining 
pins are un- 


loaded? 


IOL = 5 x 1.6 mA = 8 mA 


€IOl = 60 mA from curve 


# pins = 60 mA -;- 8 mA/pin 
= 7.5 = 7 


In this case, 
7 lines can sink 8 mA for a 


total of 56 mA. This leaves 4 mA sink cur- 
rent capability 
which can be divided 
in any 


way among 
the remaining 
8 I/O 
lines of 


the 8243. 


NOTE: 


A 10 to 
50 
KO 
pullup 
resistor 
to + 5V should 
be 


added 
to 8243 
outputs 
when 
driving 
to 5V CMOS 


directly. 


Example: 
This example 
shows 
how the 
use of the 
20 mA sink capability 
of Port 7 affects 
the 


sinking capability 
of the other 
I/O lines. 


An 
8243 
will 
drive 
the 
following 
loads 


simultaneously. 


2 loads-20 
mA 
@ 1V (Port 7 only) 


8 10ads-4 
mA 
@ 0.45V 


6 loads-3.2 
mA 
@ 0.45V 


Is this within the specified 
limits? 


dOL = (2 X 20) + (8 x 4) + (6 X 3.2) 
= 91.2 mA. 


From the curve: for IOl = 4 mA, €IOl 
"'" 


93 mA. Since 91.2 mA < 93 mA the loads 
are within 
specified 
limits. 


Although 
the 20 mA 
@ 1V loads are used 


in calculating 
dOL, it is the largest 
current 


required 
@ 
0.45V 
which 
determines 
the 


maximum 
allowable 
€IOl. 


inter 


-=- 


20 
I/O 
cs 


P4 


PJlOG 
PROG 


TEST 
P5 


8048 
INPUTS 
8243 


P6 


P10 P23 
DATA IN 
P2 
P7 


PROG 
~ 
/ 
BITS 3,2 
00 } READ 
01 
WRITE 
10 
OR 
11 
AND 


BITS 1,0 


00 } 
01 
PORT 
10 
ADDRESS 
11 
P20·P2J 
--{~ 
X"- 
) 


inter 
P8748H/P8749H 


8048AH/8035AIHL/8049AH/8039AHL/8050AH/8040AHL 
HMOS SINGLE-COMPONENT 
8-BIT 


PROCIUCTION MICROCONTROLLER 


• 
High Performance 
HMCISII 


• 
Interval Time/Event 
Counter 


• 
Two Single Level Interrupts 


• 
Single 5-Volt Supply 


• 
Over 96 Instructions; 
90% Single Byte 


The Intel MCS<!>·48family are totally 
self-sufficient, 
8-bit parallel 
computers 
fabricated 
on single silicon 
chips 
using Intel's 
advanced 
N-channel 
silicon gate HMOS process. 


The family contains 
27 I/O 
lines, an 8-bit timer/counter, 
and on-board 
oscillator/clock 
circuits. 
For systems 
that require extra capability, 
the, family can be expanded 
using MCS@-80/MCS<!>-85 peripherals. 


These 
microcontrollers 
are available 
in both masked 
ROM and ROM less versions 
as well as a new version, 
The Programmable 
ROM. The Programmable 
ROM provides 
the user with the capability 
of a masked 
ROM 
while providing 
the flexibility 
of cl device that can be programmed 
at the time of requirement 
and to the desired 
data. Programmable 
ROM's 
allow the user to lower inventory 
levels while at the same time decreasing 
delay 
times and code risks. 


• 
Programmable ROMs Using 21V 


• 
Easily Expandable Memory and I/O 


• 
Up to 1.36 ,...sInstruction 
Cycle All 


Instructions 
1 or 2 Cycles 


These 
microcomputers 
are designed 
to be efficient 
controllers 
as well as arithmetic 
processors. 
They have 
extensive 
bit handling 
capability 
as well 
as facilities 
for 
both 
binary 
and 
BCD arithmetic. 
Efficient 
use of 
program 
memory 
results 
from an instruction 
set consisting 
of mostly 
single 
byte instructions 
and no instruc- 
tions over 2 bytes in length. 


Device 
Internal 
Memory 
RAM STANDBY 


8050AH 
4Kx8 ROM 
256x8 RAM 
yes 


8049AH 
2Kx8 ROM 
128x8RAM 
yes 


8048AH 
1Kx8 ROM 
64x8 RAM 
yes 


8040AHL 
Nono 
256x8 RAM 
yes 


8039AHL 
Nono 
128 x8 RAM 
yes 


8035AHL 
Nono 
64x8 RAM 
yes 


P8749H 
2K x 8 Programmable ROM 
128x8 RAM 
no 


P8748H 
1K x 8 Programmable ROM 
64x8 RAM 
no 


Pl741H 
P174'H 
••••• 
H 
I035AHL. 
I04tAH 
I03IAHL. 
••••• 
H 
I040AHL 


nAl { 


TO 
1 
.0 
vcc 
XTAll 
2 
Pl741H 39 
Tl 


XTAL 
2 
3 
Pl741H 31 
P27 


RESET 
4 I04IAH 37 
P26 


SS 
51035AHl36 
P2' 


'NT 
6 ::'lJtH"l 35 
P2' 
EA 
7 I050AH 34 
P17 
iili 
8 I040AHL33 
Pl. 


PSEN 
9 
32 
P" 
WR 
10 
31 
P" 
ALE 
11 
P'3 
DBO 
12 
P12 
DB, 
13 
Pl1 


DB2 ,. 
Pl0 


DB3 
" 


VDD 


DB. 
" 


PROG 
DB. 
17 
P23 


DB. 
11 
P22 


DB7 
19 
P21 


VSS 
20 
P20 
270053-3 


I~~~ 
o-~-;-~-- ---- - -- 


I~ w 
~ 
~ 
0 u U _ N 
N N 
~ ~ x 
x 
~ z > ~ ~ ~ ~ 
• 
5 • 
3 
2 
1 «.3424140 


iNT 
7 
• 
39 
Pl." 


EA 
8 
38 
P107 


Ro 
9 
8049AH/8039AHL 
37 
P1.6 


PSEN 
10 
8050AH/80.0AHL 
36 
P1.5 


ViR 
11 
44- 
PIN 
35 
PL .• 


HC 
12 


PlCC 
3' 
HC 


ALE 
13 
33 
P1.3 


OBO 
14 
32 
P1.2 


OB1 
15 
Top VIew 
31 
P1.1 


OB2 
16 
looking down on PC Board 
30 
P1.0 


OB3 
17 
29 
VOO 


Symbol 
Pin 
Function 
Device 
No. 


VSS 
20 
Circuit GND potential. 
. 
All 


VDD 
26 
+ 5V durin!~ normal operation. 
All 


Low power standby pin. 
8048AH 
8035AHL 
8049AH 
8039AHL 
8050AH 
8040AHL 


Programming 
power supply (+21V). 
P8748H 
P8749H 


Vcc 
40 
Main powel' supply; 
+ 5V during operation 
and programming. 
All 


PROG 
25 
Output strobe for 8243 I/O expander. 
All 


Program pulse (+ 18V) input pin During Programming. 
P8748H 
P8749H 


P10-P17 
27-34 
8-bit quasi- oidirectional 
port. 
All 
Port 1 


P20-P23 
21-24 
8-bit quasi-oidirectional 
port. P20-P23 
contain the four high order 
All 
P24-P27 
35-38 
program 
counter 
bits during an external 
program 
memory fetch and 


Port 2 
serve as a 4-bit I/O expander 
bus for 8243. 


DBO-DB7 
12-19 
True bidirectional 
port which can be written or read synchronously 
All 
BUS 
using the RD, WR strobes. The port can also be statically 
latched. 


Contains 
the 8 low order program 
counter 
bits during an external 


program 
momory fetch, and receives 
the addressed 
instruction 
under 


the control 
of PSEN. Also contains 
the address and data during an 


external 
RAM data store instruction, 
under control 
of ALE, RD, and 


WR. 


TO 
1 
Input pin testable 
using the conditional 
transfer 
instruction 
JTO and 
All 
JNTO. TO can be designated 
as a clock output using ENTO CLK 


instruction. 


Used durin~l programming. 
P8748H 
P8749H 


inter 


Symbol 
Pin 
Function 
Device 
No. 


T1 
39 
Input pin testable 
using the JT1, and JNT1 instructions. 
Can be 
All 


designated 
the timer/counter 
input using the STRT CNT instruction. 


INT 
6 
Interrupt 
input. Initiates an interrupt 
if interrupt 
is enabled. 
Interrupt 
is 
All 


disabled 
after a reset. Also testable 
with conditional 
jump instruction. 
(Active low) interrupt 
must remain low for at least 3 machine 
cycles for 


proper operation. 


RD 
8 
Output strobe activated 
during a BUS read. Can be used to enable 
All 
data onto the bus from an external device. 
Used as a read strobe to external 
data memory. 
(Active low) 


RESET 
4 
Input which is used to initialize the processor. 
(Active low) (Non TIL 
All 
VIH) 


Used during power down. 
8048AH 
8035AHL 
8049AH 
8039AHL 
8050AH 


II 
8040AHL 


Used du ing programming. 
P8748H 
P8749H 


Used dUlring ROM verification. 
8048AH 
P8748H 
8049AH 
P8749H 
8050AH 


WR 
10 
Output strobe during a bus write. (Active low) 
All 
Used as write strobe to external data memory. 


ALE 
11 
Address 
latch enable. This signal occurs once during each cycle and is 
All 
useful as a clock output. 
The negative 
edge of ALE strobes 
address 
into external 
data and 


program 
memory. 


PSEN 
9 
Program store enable. This output occurs only during a fetch to 
.. 
All 
external 
program 
memory. 
(Active low) 


SS 
5 
Single step input can be used in conjunction 
with ALE to "single 
step" 
All 
the procl3ssor through 
each instruction. 


(Active low) Used in sync mode. 
8048AH 
8035AHL 
8049AH 
8039AHL 
8050AH 
8040AHL 


EA 
7 
External access input which forces all program 
memory fetches 
to 
All 
referenc'3 external 
memory. 
Useful for emulation 
and debug. (Active 


high) 


Used during (18V) programming. 
P8748H 
P8749H 


Used during ROM verification 
(12V). 
8048AH 
8049AH 
8050AH 


XTAL1 
2 
One side of crystal input for internal oscillator. 
Also input for external 
All 
source. 
(Non TIL 
VIH) 


XTAL2 
3 
Other side of crystal input. 
All 


Table 2. Instruction 
Set 


Input/Output 
Accumulator 


Mnemonic 
Description 
Bytes Cycles 


ADD A, R 
Add register to A 
1 
1 
ADD A, @R 
Add data memory 
1 
1 
toA 
ADD A, #data 
Add immediate 
to II 
2 
2 
AD DC A, R 
Add register with 
1 
1 


carry 
ADDCA, 
@R 
Add data memory 
1 
1 


with carry 
ADDC A, # data Add immediate 
with 
2 
2 
carry 
ANLA, 
R 
And register to A 
1 
1 


ANLA,@R 
And data memory 
1 
1 


toA 
ANLA, 
#data 
And immediate 
to A 
2 
2 
ORLA, 
R 
Or register to A 
1 
1 
ORLA, 
@R 
Or data memory 
1 
1 
toA 
ORLA, 
#data 
Or immediate 
to A 
2 
2 
XRLA, 
R 
Exclusive 
or register 
1 
1 
toA 
XRLA, 
@R 
Exclusive 
or data 
1 
1 


memory to A 
XRLA, 
#data 
Exclusive 
or 
2 
2 
immediate 
to A 
INCA 
IncrementA 
1 
1 


DECA 
Decrement 
A 
1 
1 


CLRA 
Clear A 
1 
1 
CPLA 
Complement 
A 
1 
1 


DAA 
Decimal adjust A 
1 
1 


SWAP A 
Swap nibbles of A 
1 
1 


RLA 
Rotate A left 
1 
1 


RLCA 
Rotate A left 
1 
1 


through carry 
RRA 
Rotate A right 
1 
1 


RRCA 
Rotate A right 
1 
1 


through 
carry 


Mnemonic 
Description 
Bytes Cycles 


INA, 
P 
Input port to A 
1 
2 


UTL P, A 
Output A to port 
1 
2 


NL P, #data 
And immediate 
to 
2 
2 


port 
Or immediate 
to 
2 
2 


port 
Input BUS to A 
1 
2 


OUTLBUS,A 
Output A to BUS 
1 
2 


NL BUS, #data 
And immediate 
to 
2 
2 


BUS 
RL BUS, # data Or immediate 
to 
2 
2 


BUS 
Input expander 
port 
2 


toA 
Output A to 
2 


expander 
port 
And A to expander 
2 


port 
RLD P, A 
Or A to expander 
2 


port 


Registers 


Mnemonic 


INCR 
INC@R 
DECR 


Description 


Increment 
register 
Increment 
data memory 
Decrement 
register 


Bytes 
Cycles 


1 
1 
1 
1 
1 
1 


Branch 


Mnemonic 
Description 
Bytes 
Cycles 


JMP addr 
Jump unconditional 
2 
2 


JMPP@A 
Jump indirect 
1 
2 


DJNZ R, addr 
Decrement 
register 
2 
2 


and skip 
JC addr 
Jump on carry = 1 
2 
2 


JNC addr 
Jump on carry = 0 
2 
2 


JZ addr 
Jump on A zero 
2 
2 


JNZ addr 
Jump on A not zero 
2 
2 


JTO addr 
Jump on TO = 1 
2 
2 


JNTO addr 
Jump on TO = 0 
2 
2 


JT1 addr 
Jump on T1 = 1 
2 
2 


JNT1 addr 
Jump on T1 = 0 
2 
2 


JFO addr 
Jump on FO = 1 
2 
2 


JF1 addr 
Jump on F1 = 1 
2 
2 


JTF addr 
Jump on timer flag 
2 
2 


JNI addr 
Jump on INT = 0 
2 
2 


JBb addr 
Jump on accumulator 
2 
2 


bit 


Mnemonic 
Description 
Bytes 
Cycles 


CALLaddr 
Jump to subroutine 
2 
2 


RET 
Return 
1 
2 


RETR 
Return and restore 
1 
2 


status 


Flags 


Mnemonic 
Description 
Bytes 
Cycles 


CLRC 
Clear carry 
1 
1 


CPLC 
Complement 
carlY 
1 
1 


CLR FO 
Clear flag 0 
1 
1 


CPL FO 
Complement 
flag 0 
1 
1 


CLR F1 
Clear flag 1 
1 
1 


CPL F1 
Complement 
flag 1 
1 
1 


Data Moves 


Mnemonic 
Descriptiton 
Bytes Cycles 


MOVA, 
R 
Move register to A 
1 
1 


MOVA,@R 
Move data momory 
1 
1 


toA 
MOV A, #data 
Move immediate 
to 
2 
2 


A 
MOVR,A 
Move A to re~lister 
1 
1 


MOV@R,A 
Move A to data 
1 
1 


memory 
MOV R, #data 
Move immedi ate to 
2 
2 


register 
MOV @R, #data 
Move immediate 
to 
2 
2 


data memory 
MOVA, 
PSW 
Move PSWto 
A 
1 
1 


MOVPSW,A 
MoveAtoPSW 
1 
1 


XCH A, R 
Exchange 
A c,nd 
1 
1 


register 
XCH A, @R 
Exchange 
A clnd 
1 
1 


data memory 
XCHDA, 
@R 
Exchange 
nibble of 
1 
1 


A and data m<9mory 
MOVXA,@R 
Move external data 
1 
2 


memory to A 
MOVX@R,A 
Move A to external 
1 
2 


data memory 
MOVPA,@A 
Move to A from 
1 
2 


current page 
MOVP3A,@A 
Move to A from 
1 
2 


page 3 


Mnemonic 


MOVA, 
T 
MOVT,A 
STRTT 
STRTCNT 
STOP TCNT 
EN TCNTI 


Description 
Bytes 
Cycles 


Read timer/counter 
1 
1 
Load timer/counter 
1 
1 
Start timer 
1 
1 


Start counter 
1 
1 


Stop timer/counter 
1 
1 
Enable timer/ 
1 
1 
counter 
interrupt 
Disable timer/ 
counter 
interrupt 


SEL RBO 
SEL RB1 
SEL MBO 
SEL MB1 
ENTO CLK 


Description 


Enable external 
interrupt 
Disable external 
interrupt 
Select register bank 0 
Select register bank 1 
Select memory bank 0 
Select memory bank 1 
Enable clock output 
- 


onTO 


Description 


No operation 


Bytes 


1 


Bytes 
Cycles 


1 
1 


Cycles 


1 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Case Temperature 
Under Bias 
O·C to + 70·C 


Storage Temperature 
-·65·C 
to + 150·C 


Voltage 
on any Pin with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
...............•.......... 
1.5W 


NOTICE: Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Device 
Mln 
Typ 
Max 


VIL 
Input Low Voltage 
(All 
-0.5 
0.8 
V 
All 
Except RESET, X1, >:2) 


VIL1 
Input Low Voltage 
-5 
0.6 
V 
All 
(RESET, X1, X2) 


VIH 
Input High Voltage 
2.0 
VCC 
V 
All 
(All Except XTAL 1, 
XTAL2, RESET) 


VIH1 
Input High Voltage 
3.8 
VCC 
V 
All 
(X1, X2, RESET) 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 2.0 mA 
All 
(BUS) 


VOL1 
Output 
Low Voltage 
0.45 
V 
IOL = 1.8 mA 
All 
(RD,WR,PSEN,ALE) 


VOL2 
Output 
Low Voltage 
0.45 
V 
IOL = 1.0 mA 
All 
(PROG) 


VOL3 
Output 
Low Voltage 
0.45 
V 
IOL = 1.6 mA 
All 
(All Other Outputs) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400 
IJ-A 
All 
(BUS) 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -100 
IJ-A 
All 
(RD, WR, PSEN, ALE) 


VOH2 
Output High Voltage 
2.4 
V 
IOH = -40 
IJ-A 
All 
(All Other Outputs) 


inter 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Device 
Min 
Typ 
Max 


1L1 
Leakage Current 
±10 
IJ-A 
VSS s VIN s Vee 
All 
(T1, INT) 


IU1 
Input Leakage Current 
-500 
IJ-A 
Vss + 0.45 s VIN s Vee 
All 
(P10-P17, 
P20-P~~7, 
EA,SS) 


IU2 
Input Leakage Current 
-10 
-300 
IJ-A 
Vss 
s VIN s 3.8 
All 
RESET 


ILO 
Leakage Current 
±10 
IJ-A 
VSS s VIN s Vee 
All 
(BUS, TO) (High 
Impedance 
State) 


100 
Voo Supply Current 
3 
5 
mA 
8048AH 
(RAM Standby) 
8035AHL 


4 
7 
mA 
8049AH 
8039AHL 


5 
10 
mA 
8050AH 
8040AHL 


100 + 
Total Supply Current' 
30 
65 
mA 
8048AH 
Ice 
8035AHL 


35 
70 
mA 
8049AH 
8039AHL 


40 
80 
mA 
8050AH 
8040AHL 


30 
100 
mA 
P8748H 


50 
110 
mA 
P8749H 


Voo 
RAM Standby Voltage 
2.2 
5.5 
V 
Standby 
Mode Reset 
8048AH 


sVIL1 
8035AH 


2.2 
5.5 
V 
8049AH 
8039AH 


2.2 
5.5 
V 
8050AH 
8040AHL 
-- 


inter 


f (t) 
11 MHz 
Conditions 
Symbol 
Parame1!er 
Unit 
(Note 3) 
Min 
Max 
(Note 
1) 


t 
Clock Period 
1/xtal freq 
90.9 
1000 
ns 
(Note 3) 


tLL 
ALE Pulse Width 
3.5t-170 
150 
ns 


tAL 
Addr Setup to ALE 
2t-110 
70 
ns 
(Note 2) 


tLA 
Addr Hold from ALE 
t-40 
50 
ns 


tCC1 
Control 
Pulse Width (RD, WR) 
7.5t-200 
480 
ns 


tCC2 
Control 
Pulse Width (PSEN) 
6t-200 
350 
ns 


tDW 
Data Setup before WR 
6.5t-200 
390 
ns 


tWD 
Data Hold after WR 
t-50 
40 
ns 


tDR 
Data Hold (RD, PSEN) 
1.5t-30 
0 
110 
ns 


tRD1 
RD to Data in 
6t-170 
375 
ns 


tRD2 
PSEN to Data in 
4.5t-170 
240 
ns 


tAW 
Addr Setup to WR 
5t-150 
300 
ns 


tAD1 
Addr Setup to Data (RD) 
10.5t-220 
730 
ns 


tAD2 
Addr Setup to Data (PSEN) 
7.5t-200 
460 
ns 


tAFC1 
Addr Float to RD, VilR 
2t-40 
140 
ns 
(Note 2) 


tAFC2 
Addr Float to PSEN 
0.5t-40 
10 
ns 
(Note 2) 


tLAFC1 
ALE to Control (RD, WR) 
3t-75 
200 
ns 


tLAFC2 
ALE to Control 
(PSEN) 
1.5t-75 
60 
ns 


teA1 
Control to ALE (RD, WR, PROG) 
t-65 
25 
ns 


teA2 
Control to ALE (PSEN) 
4t-70 
290 
ns 


tcp 
Port Control Setup to PROG 
1.5t-80 
50 
ns 


tpc 
Port Control 
Hold to PROG 
4t-260 
100 
ns 


tpR 
PROG to P2 Input Valid 
8.5t-120 
650 
ns 


tpF 
Input Data Hold from PROG 
1.5t 
0 
140 
ns 


tDP 
Output Data Setup 
6t-290 
250 
ns 


tpD 
Output 
Data Hold 
1.5t-90 
40 
ns 


tpp 
PROG Pulse Width 
10.5t-250 
700 
ns 


tpL 
Port 2 I/O Setup to ALE 
4t-200 
160 
ns 


tLP 
Port 2 I/O Hold to ALE 
0.5t-30 
15 
ns 


tpv 
Port Output from ALE 
4.5t+ 
100 
5.0 
ns 


toPRR 
TO Rep Rate 
3t 
270 
ns 


tCY 
Cycle Time 
15t 
1.36 
15.0 
p.s 


NOTES: 
1. Control 
outputs: 
CL = 80 pF. BUS Outputs: 
CL = 150 pF. 


2. BUS High Impedance 
Load 20 pF 
3. f(t) assumes 
50% 
duty cycle 
on X1, )(2. Max clock 
period 
is for a 1 MHz crystal 
input. 


inter 


INSTRUCTION 
FETCH 
FROM 
PROGRAM 


MEMORY 


--.l,LA.CII- 


ALE~~ 


!--'CC'--/ICA'!-- 


WR -----l---.J----- 


ADDRESS I'DWf:::±l'WD 


"USFl~~-.-LO-A-T-,N-G- 
C 


FLOATING 


'AW--l 


2.4V 
---- 
x::::= 
x:::~ 
TEST POINTS::~:: 
O.45V---~· 
, 
, 


270053-7 


. A.C, lesling inpuls are driven a12.4V for a logic "1" and 0.45V for 


a logic "0", Oulpulliming 
measuremenls are made al 2,OVfor a 


logic "1" and O,8Vfor a logic "0", 


1STCYCLEI 
i'PL--j 
C;~~E !--IPv1 t 
~---~I\~--_ 
.. 


r-'LP I\~-~y: 
: 
~'LP 


I 
PCH 
X----PO-: 
R-T-20--2-3-D-AT-A--X--N-E-W-P20--2-3-D-AT-A--'~ 


i 
I 


NEW PORT 
9ATA. 


P24-27 
~~.r;,~T 
I 
PORT 24-27, 
PORT '0-17 
DATA 


"'P 
I- 
I 
::::"~'=JX~-+-_ILA--~"I··- 


OUTPUT 
PCH 
I 
I 
I 


=~~~NDER 
I 
I 


INPUT=.xJ 
PCH 
I 


I 
I 


C1 


~ 


( 


~ 
C2 


( 
J 


XTAL1 


~1 Mtl. 
c:::=JI 
XTAL2 


3 


270053-9 


C1 
~ 
5pF 
±'!2pF 
+ (STRAY 
< 5pF) 


C2 
~ 
(CRYSTAL 
+ STAY) 
< 3 pF 


C3 ~ 
20 pF 
±1 
pF + (STRAY 
< 5 pF) 


Crystal 
series 
resistance 
should 
be less than 30n 
at 11 MHz; less 


than 
75n 
at 6 MHz; 
less than 
leOn 
at 3.6 MHz. 


C1 


~ 


( 


1-11 
MH. 


~ 
C1 = C2 • 33pF :t 5'/. [==:J 


C3 


I 
III 


:..:.~---..: 
I 
I 
I 


TTLOPEN 
COLLECTOR 
GATES 


270053-11 
For XTAL1 
and XT AL2 
define 
"high" 
as voltages 
above 
1.6V and 


"'ow" 
as voltages 
below 
1.6V. 
The 
duty 
cycle 
requirements 
for 


externally 
driving 
XTAL 1 and 
XTAL2 
using 
the 
circuits 
shown 
above 
are as follows: 
XTAL 1 must 
be high 35-65% 
of the period 
and XTAL2 
must be high 35-65% 
of the period. 
Rise and fall times 
must 
bEl faster 
than 
20 ns. 


inter 


PROGRAMMING 
AND VERIFYING 
THE 


P8749H/48H 
PROGRAMMABLE 
ROM 


Programming 
VerificaticlIn 


In brief, the programming 
process 
consists 
of: acti- 


vating 
the 
program 
mode, 
applying 
an 
address, 


latching 
the address, 
applying 
elata, and applying 
a 


programming 
pulse. Each word is programmed 
com- 


pletely 
before moving on to the next and is followed 


by a verification 
step. The following 
is a list of the 


pins used for programming 
and Iidescription 
of their 


functions: 


Pin 
Func,tlon 


XTAL1 
Clock Input (3 to 4.0 MHz) 


XTAL2 
RESET 
Initialization 
and Address 
Latching 


TO 
Selection 
of Program or Verifying 
Mode 


EA 
Activation 
of ProgramlVerify 
Modes 


BUS 
Address 
and Data Input 
Data Output During Verify 


P20-P22 
Address 
Input 


Voo 
Programming 
Powe" Supply 
PROG 
Program Pulse Input 


An attempt 
to program 
a missocketed 
P8749H/48H 
will result in severe damage to the part. An indication 
of a properly 
socketed 
part is the appearance 
of the 


ALE 
clock 
output. 
The 
lack 
of this 
clock 
may 
be 


used to disable 
the programmer. 


The ProgramlVerify 
sequence 
is: 


1. Voo 
= 5V, Clock 
applied 
or internal 
oscillator 


operating, 
RESET 
= OV, TO = 5V, EA = 5V, 


BUS and PROG floating. 
P10 and P11 must be 


tied to ground. 


2. Insert P8749H/48H 
in programming 
socket 


3. TO = OV (select 
program 
mode) 


4. EA = 18V (activate 
program 
mode) 


5. Address 
applied 
to BUS and P20-22 


6. RESET = 5V (latch address) 


7. Data applied 
to -BUS 


8. Voo 
= 21V (programming 
power) 


9. PROG = Vcc 
or float 
followed 
by one 
50 ms 


pulse to 18V 


10. Voo = 5V 


11. TO = 5V (verify mode) 


12. Read and verify data on BUS 


13. TO = OV 


14. RESET 
= OV and repeat from step 5 


15. Programmer 
should 
be at conditions 
of step 
1 


when P8749H/48H 
is removed 
from socket. 


NOTE: 
Once 
programmed 
the 
P8749H/48H 
cannot 
be 


erased. 


inter 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


tAW 
Address 
Setup Time to RESET 
4tey 


tWA 
Address 
Hold Timl3 After RESET 
4tey 


tDw 
Data in Setup Timl3 to PROG 
4tey 


tWD 
Data in Hold Time After PROG 
4tey 


tpH 
RESET Hold Time to Verify 
4tey 


tVDDW 
VDD Hold Time Before PROG 
0 
1.0 
ms 


tVDDH 
VDD Hold Time After PROG 
0 
1.0 
ms 


tpw 
Program Pulse Width 
50 
60 
ms 


tTW 
TO Setup Time for Program Mode 
4tey 


tWT 
TO Hold Time After Program Mode 
4tey 


tDO 
TO to Data Out Delay 
4tey 


tww 
RESET Pulse Width to Latch Address 
4tey 


tr• tf 
VDD and PROG R se and Fall Times 
0.5 
100 
jJ.s 


teY 
CPU Operation 
C}'cle Time 
3.75 
5 
jJ.s 


tRE 
RESET Setup Time before EA 
4tey 


NOTE: 
If Test 0 is high. too can be triggered by RESET. 


Symbol 
Par:Jmeter 
Mln 
Max 
Unit 
Test Conditions 


VDDH 
VDD Program Voltage 
High Level 
20.5 
21.5 
V 


VDDL 
VDD Voltage 
Low l.evel 
4.75 
5.25 
V 


VPH 
PROG Program Voltage 
High Level 
17.5 
18.5 
V 


VPL 
PROG Voltage 
LolV Level 
4.0 
Vee 
V 


VEAH 
EA Program or Verify Voltage 
High Level 
17.5 
18.5 
V 


IDD 
VDD High Voltage Supply Current 
20.0 
mA 


IpROG 
PROG High Voltage 
Supply Current 
1.0 
mA 


lEA 
EA High Voltage Supply Current 
1.0 
mA 


INITIALROMOUMPCYCLE 


ALEJ1JUlI1Ilfififi 
(NOTE1) 


•12Vr--- 


EA----.J 
I: (INPUT) 
, 
I 
I 
I 
: 


08~USL.J-R-O-M-O-A-TA~H~-A-O-O-R-ES-S-~L.fROMl 
~----fl 
. 
~I ~ 
•..--------- 


(INPlJT) 
(OUTPUT) : 
(INPUT) 
(OUTPUT): 


RESET 
r--------, 
(INPUT) 
!--------- 
: 
: 
I 
I 


P20-P23--C===A=O=O=R=E=S=S========H=======A=O=O=R=E=S=S====== 
--------- 
: (INPUT) 


49H 
ADDR 


o 


~ 


ADDR 
ADDR 


NOTE: 
ALE is function 
of Xl, X2 inputs. 


>C 


~~~ 
__~__~_~~_~= ~_~~_~_~~_~_.-.=tHt-_-~-:-~_D_W_~_;_: 
__-_-_-_-_-_-_-_-_-.-_-_-_-_-_-_-_-_-_-. 


LAST 
ADDRESS 
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D8748H/D8749H 


HMOS-E SINGLE-COMPONENT 
8-BIT MICROCOMPUTER 


• 
High Performance 
HMOS·I: 


• 
Interval 
Timer/Event 
Counlter 


• 
Two Single Level Interrupts 


• 
Single 5·Volt Supply 


• 
Over 96 Instructions; 
90% Single Byte 


• 
Compatible 
with 8080/8085 
Peripherals 


• 
Easily Expandable 
Memory 
and I/O 


• 
Up to 1.35 p,s Instruction 
Cycle; 


All Instructions 
1 or 2 Cycles 


The Intel D8749H/D8748H are totally self-sufficient, 8-bit parallel computers fabricated on single silicon chips 
using Intel's advanced N-channel silicon gate HMOS-E process. 


The family contains 27 I/O lines, al18-bit timer/counter, on-chip RAM and on-board oscillator/clock circuits. 
For systems that require extra capability, the family can be expanded using MCS@-80/MCS@-85peripherals. 


These microcomputers are designod to be efficient controllers as well as arithmetic processors. They have 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of 
program memory results from an instruction set consisting mostly of single byte instructions and no instruc- 
tions over 2 bytes in length. 


Device 
Internal 
Memory 


D8749H 
2Kx8 EPROM 
I 
128x8 RAM 


D8748H 
1Kx8 EPROM 
I 
64x8 
RAM 


Figure 1. 
Block Diagram 


PORT 


1 


RESET 
D8748H 
PORT 
2 


SINGLE 
D8749H 


STEP 


READ 


EXTERNAL 


"E" 


TEST 
-( 


WRITE 


PROeRA •• 
STORE 
ENABLE 


INTERRUPT 
AODRESS 
LATCH 
EHABLE 


BUS 
PORT 
EXPANDER 
STROBE 


210983-2 


Figure 2. 
Logic Symbol 


XTAl2 


RESET 
SS 
5 


iNT 


EA 


iID 


PSEN 


WR 


ALE 


080 


DB, 


DB2 
1-4 


08, 


BO, 


08, 


DB. 


DB, 


Vss 


Symbol 
Pin No. 
Function 


Vss 
20 
Circuit GND potential. 


Voo 
26 
+- 5V during normal operation. 


Programming 
power supply (+- 21 V). 


Vcc 
40 
Main power supply; +- 5V during operation 
and programming. 


PROG 
25 
Output strobe for 8243 I/O expander. 


Program pulse (+- 18V) input pin during programming. 


P10-P17 
27-34 
a-bit quasi-bidirectional 
port. 


Port 1 


P20-P23 
21-24 
a-bit quasi-bidirectional 
port. P20-P23 
contain the four high order program 


counter 
bits during an external 
program 
memory fetch and serve as a 4-bit 


I/O expander 
bus for 8243. 
P24-P27 
35-38 
Port 2 


DBO-DB7 
12-19 
l~e 
bidirectional 
port which can be written or read synchronously 
using the 


BUS 
FID, WR strobes. The port can also be statically 
latched. 
Contains 
the 8 low 


order program 
counter 
bits during an external 
program 
memory fetch, and 


mceives 
the addressed 
instruction 
under the control 
of PSEN. Also contains 


the address and data dU~ 
an external 
RAM data store instruction, 
under 


control 
of ALE, RD, and WR. 


TO 
1 
Input pin testable 
using the conditional 
transfer 
instructions 
JTO and JNTO. 


TO can be designated 
as a clock output using ENTO CKL instruction. 


Used during programming. 


T1 
39 
Input pin testable 
using the JT1 , and JNT1 instructions. 
Can be designated 


the timer/counter 
input using the STRT CNT instruction. 


INT 
6 
Interrupt 
input. Initiates an interrupt 
if interrupt 
is enabled. 
Interrupt 
is 


disabled 
after a reset. Also testable 
with conditional 
jump instruction. 
(Active 


lcow)interrupt 
must remain low for at least 3 machine 
cycles for proper 


operation. 


RD 
8 
Output strobe activated 
during a BUS read. Can be used to enable data onto 


the bus from an external 
device. 


Used as a read strobe to external 
data memory. 
(Active low) 


Symbol 
Pin No. 
Function 


RESET 
4 
Input which is used to initialize'the 
processor. 
(Active low) (Non TIL 
VIH) 


Used during programming, 


WR 
10 
Output strobe during a bus write. (Active low) 
" 


Used as write strobe to external 
data memory, 


ALE 
11 
Address 
latch enable, This signal occurs once during each cycle and is 


uselful as a clock output. 
The negative edge of ALE strobes 
address into external data and program 


memory. 


PSEN 
9 
Prowam 
store enable. This output occurs only during a fetch to external 


prowam 
memory. 
(Active low.) 


SS 
5 
Sinole step input can be used in conjunction 
with ALE to "single 
step" 
the 


processor 
through 
each instruction. 


EA 
7 
External access input which forces all program 
memory fetches 
to reference 


external 
memory. 
Useful for emulation 
and debug. (Active high.) 


Used during (18V) programming. 


XTAL1 
2 
One, side of crystal input for internal oscillator. 
Also input for external 
source. 


(Non TIL 
VIH,) 


XTAL2 
3 
Oth'9r side of crystal input. 


Mnemonic 
Description 
Bytes 
Cycles 


ACCUMULATOR 
ADDA. 
R 
Add register to A 


ADDA,@R 
Add data 
memory 
to A 
ADDA, 
#data 
Add immediate 
2 
2 


toA 
ADDCA, 
R 
Add register 
with 


carry 
ADDCA,@R 
Add data 
memory 
with 
carry 
ADDC A, #data 
Add immediate 
2 
2 


with carry 
ANLA, 
R 
And register to A 


ANLA, 
@R 
And data 
memory 
to A 
ANLA, 
#data 
And immediate 
2 
2 


toA 
ORLA, 
R 
Or register to A 


ORLA,@R 
Or data memory 
toA 
ORLA, 
#data 
Or immediate 
to 
2 
2 


A 
XRLA, 
R 
Exclusive 
or 


register to A 
XRLA,@R 
Exclusive 
or 
data memory 
io 


A 
XRLA, 
#data 
Exclusive 
or 
2 
2 


immediate 
to A 


Mnemonic 
Description 
Bytes 
Cycles 
ACCUMULATOR 
(Continued) 
INCA 
IncrementA 
1 
1 


DECA 
Decrement 
A 
1 
1 


CLRA 
Clear A 
1 
1 


CPLA 
Complement 
A 
1 
1 


DAA 
Decimal 
adjust A 
1 
1 


SWAP A 
Swap nibbles 
of 
1 
1 


A 
RLA 
Rotate A left 
1 
1 


RLCA 
Rotate A left 
1 
1 


through 
carry 
RRA 
Rotate A right 
1 
1 


RRCA 
Rotate A right 
1 
1 


through 
carry 


INPUT/OUTPUT 
INA,P 
Input port to A 
1 
2 


OUTLP,A 
Output A to port 
1 
2 


ANLP, 
#data 
And immediate 
2 
2 


to port 
ORLP, 
#data 
Or immediate 
to 
2 
2 


port 
INSA, 
BUS 
Input BUS to A 
1 
2 


OUTLBUS,A 
Output A to BUS 
1 
2 


ANL BUS, #data 
And immediate 
2 
2 


taBUS 
ORL BUS, #data 
Or immediate 
to 
2 
2 


BUS 
MOVDA, 
P 
Input expander 
1 
2 


port to A 


inter 


Mnemonic 
Description 
Bytes 
Cycles 


INPUT/OUTPUT 
(Continued) 


MOVDP,A 
OutputAto 
1 
2 


expander 
port 
ANLDP,A 
And A to expandllr 
1 
2 


port 
ORLDP,A 
Or A to expander 
1 
2 


port 


REGISTERS 


INCR 
Increment 
register 
1 
1 


INC@R 
Increment 
data 
1 
1 


memory 


DECR 
Decrement 
register 
1 
1 


BRANCH 


JMP addr 
Jump unconditional 
2 
2 
JMPP@A 
Jump indirect 
1 
2 


DJNZR, 
addr 
Decrement 
register 
2 
2 


and skip 


JC addr 
Jump on carry = 1 
2 
2 
JNCaddr 
Jump on carry = 0 
2 
2 
JZ addr 
Jump on A zero 
2 
2 
JNZ addr 
Jump on A not zero 
2 
2 
JTO addr 
Jump on TO = 1 
2 
2 
JNTOaddr 
Jump on TO = 0 
2 
2 


JT1 addr 
JumponT1 
= 1 
2 
2 
JNT1 addr 
JumponT1 
= 0 
2 
2 
JFO addr 
Jump on FO = 1 
2 
2 
JF1 addr 
Jump on F1 = 1 
2 
2 
JTF addr 
Jump on timer fla!l 
2 
2 


JNI addr 
Jump on INT = 0 
2 
2 


JBb addr 
Jump on 
2 
2 


accumulator 
bit 


SUBROUTINE 
CALLaddr 
Jump to subroutine 
2 
2 


RET 
Return 
1 
2 


RETR 
Return and restor'3 
1 
2 


status 


FLAGS 
CLRC 
Clear carry 
1 
1 


CPLC 
Complement 
carr)' 
1 
1 


CLR FO 
Clear flag 0 
1 
1 


CPLFO 
Complement 
flag I) 
1 
1 


CLRF1 
Clear flag 1 
1 
1 


CPL F1 
Complement 
flag " 
1 
1 


DATA 
MOVES 
MOVA,R 
Move register 
to A 
1 
1 


MOVA,@R 
Move data memory 
1 
1 


toA 
MOVA, 
#data 
Move immediate 
2 
2 


toA 


Mnemonic 
Description 
Bytes 
Cycles 


DATA MOVES 
(Continued) 
MOVR,A 
Move A to register 
MOV@R,A 
Move A to data 
memory 
MOVR, 
#data 
Move immediate 
to 
2 
2 


register 
MOV @R, #data 
Move immediate 
to 
2 
2 


data memory 
MOVA,PSW 
MovePSWtoA 
MOVPSW,A 
MoveAtoPSW 
XCHA, 
R 
Exchange 
A and 
register 
XCHA,@R 
Exchange 
A and 


data memory 
XCHDA,@R 
Exchange 
nibble 


of A and register 
MOVXA,@R 
Move external 
2 


data memory 
to A 
MOVX@R,A 
Move A to external 
2 


data memory 
MOVPA,@A 
Move to A from 
2 


current 
page 
MOVP3A,@A 
Move to A from 
2 


page 3 


TIMER/COUNTER 
MOVA,T 
Read 
timer/counter 
MOVT,A 
Load 
timer/counter 
STRTT 
Start timer 
STRTCNT 
Start counter 
STOP TCNT 
Stop timer/counter 


EN TCNTI 
Enable timer/ 
counter 
interrupt 
DISTCNTI 
Disable timer / 
counter 
interrupt 


CONTROL 
ENI 
Enable external 


interrupt 
DISI 
Disable external 
interrupt 
SELRBO 
Select 
register 


bank 0 
SEL RB1 
Select 
register 


bank 1 
SELMBO 
Select 
memory 
. 1 


bank 0 
SEL MB1 
Select 
memory 
bank 1 
ENTO CLK 
Enable clock 
output on TO 
NOP 
No operation 


inter 


"Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias .... 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
On Any Pin With Respec1 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.0 Watt 


NOTICE Specifications contained within the 
following tables are subject to change. 


Limits 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 
Device 


VIL 
Input Low Voltage 
(All 
-0.5 
0.8 
V 
All 
Except RESET, X1, ;(2) 


VIL1 
Input Low Voltage 
-0.5 
0.6 
V 
All 
(RESET, X1, X2) 


VIH 
Input High Voltage 
2.0 
Vee 
V 
All 
(All Except XT AL 1, 
XT AL2, RESET 


VIH1 
Input High Voltage 
3.8 
Vee 
V 
All 
(X1, X2, RESET) 


VOL 
Output Low Voltage 
(BUS) 
0.45 
V 
IOL = 2.0 mA 
, 
All 


VOL1 
~ut 
Low Voltage 
0.45 
V 
IOL = 1.8 mA 
All 
(RD, WR, PSEN, ALE) 


VOL2 
Output 
Low Voltage 
0.45 
V 
tOL = 1.0 mA 
All 
(PROG) 


VOL3 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA 
All 
(All Other Outputs) 


VOH 
Output High Voltage 
(BUS) 
2.4 
V 
IOH = -400 
p.A 
All 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -100 
p.A 
All 
(RD, WR, PSEN, ALE) 


VOH2 
Output High Voltage 
2.4 
V 
IOH = -40 
p.A 
All 
(All Other Outputs) 


1L1 
Leak~ 
Current 
±10 
p.A 
Vss 
~ VIN ~ Vee 
All 
(T1,INT) 


IU1 
Input Leakage Current 
-500 
p.A 
Vss + 0.45 ~ VIN ~ Vee 
All 
(P10-P17, 
P20-P27, 
EA,SS) 


IU2 
Input Leakage Current 
-10 
-300 
p.A 
Vss ~ VIN ~ 3.8V 
All 
RESET 


'LO 
Leakage Current 
±10 
,p.A 
Vss 
~ VIN ~ Vee 
All 
(BUS, TO) (High 
Impedance 
State) 


100 + Ice 
Total Supply Current" 
80 
100 
mA 
8748H 


95 
110 
mA 
8749H 


NOTE: 
"Ice + IDDis measured 
with all outputs 
disconnected; 
ss, RESET, and INT equal to Vee; EA equal to Vss. 
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f(t) 
11 MHz 
Conditions 
Symbol 
Paramoter 
Unit 
(Note 
3) 
Mln 
Max 
(Note 
1) 


t 
Clock Period 
1/xtal freq 
90.9 
1000 
ns 
(Note 3) 


tLL 
ALE Pulse Width 
3.5t - 
170 
150 
ns 


tAL 
Addr Setup to ALE: 
2t - 
110 
70 
ns 
(Note 2) 


tLA 
Addr Hold from Al.E 
t - 
40 
50 
ns 


teCl 
Control Pulse Widlth (AD, WA) 
7.5t - 
200 
480 
ns 


teC2 
Control 
Pulse Widith (PSEN) 
6t - 
200 
350 
ns 


tow 
Data Setup before WA 
6.5t - 
200 
390 
ns 
. 


two 
Data Hold after WI~ 
t - 
50 
40 
ns 


tOR 
Data Hold (AD, PSEN) 
1.5t - 
30 
0 
110 
ns 


tROl 
ADto 
Data In 
6t - 
170 
375 
ns 


tR02 
PSEN to Data In 
4.5t - 
170 
240 
ns 


tAW 
Addr Setup to WA 
5t - 
150 
300 
ns 


tAOl 
Addr Setup to Data (AD) 
10.5t - 
220 
730 
ns 


tA02 
Addr Setup to Data (PSEN) 
7.5t - 
200 
460 
ns 


tAFCl 
Addr Float to AD, 'WA 
2t-40 
140 
ns 
(Note 2) 


tAFC2 
Addr Float to PSEIN 
0.5t - 
40 
10 
ns 
(Note 2) 


tLAFCl 
ALE to Control (AI), WA) 
3t - 
75 
200 
ns 


tLAFC2 
ALE to Control (PSEN) 
1.5t - 
75 
60 
ns 


teAl 
Control to ALE (AD, WA, PROG) 
t - 
65 
25 
ns 


teA2 
Control to ALE (PSEN) 
4t - 
70 
290 
ns 


tep 
Port Control Setup to PAOG 
1.5t - 
80 
50 
ns 


tpc 
Port Control Hold to PROG 
4t - 
260 
100 
ns 


tpR 
PAOG to P2 Input Valid 
8.5t - 
120 
650 
ns 


tpF 
Input Data Hold from PROG 
1.5t 
0 
140 
ns 


top 
Output Data Setup 
6t - 
290 
250 
ns 


tpo 
Output Data Hold 
1.5t - 
90 
40 
ns 


tpp 
PAOG Pulse Width 
10.5t - 
250 
700 
ns 


tpL 
Port 2 I/O Setup to ALE 
4t - 
200 
160 
ns 


tLP 
Port 2 I/O Hold to ALE 
0.5t - 
30 
15 
ns 


tpv 
Port Output from ALE 
4.5t + 100 
510 
ns 


toPRR 
TO Aep Aate 
3t 
270 
ns 


tev 
Cycle Time 
15t 
1.36 
15.0 
}Jos 


NOTES: 
1. Control 
outputs 
CL = 80 pF; BUS outputs 
CL = 150 pF. 
2. BUS High Impedance 
Load 20 pF. 


3. fIt) assumes 
50% 
duty cycle 
on X1 , X2. Max clock 
period 
is for a 1 MHz crystal 
input. 


INSTRUCTION 
FETCH 
FROM PBOGRAM 
MEMORY 


~lll-ltlAFCt~~----l 


ALE J 
I 
I 
----.r-L 


tAFd2 
1- ICC2 -~ 
f- ICA2 


PSEN 
J 


-~tDRb= 


BUS FLOATING 
FLOATING J 
FLOATINGX 


I 
ADDRESS I-- tRD2-:1 INSTRUCTION 
• 
--tA02 


--.1 
'lAFC1 L 


ALE J--l_---'-I __ .~ 
I-tCC1~1tCA1 I- 
----I __.Ji---'---1 


tAFC1j 
I- 
~i ttOR 
IFLOATING 
1 


BUSF~~ 
FLOATING 


I~OORESS t:::::::I tRO" 


tA01~ 


2.4V 
--- 
_ 
X2.0, 
TEST POINTS •••2.0X 
O.45V----. 
.0.S.... 
'0.8. 
_. 
_ 


A.C. testing inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Output timing measurements are made at 2.0V 
for a Logic "1" and O.BV for a Logic "0." 


P24-27 
P10-17 
OUTPUT 


tLP 
EXPANDER 
PORT 
OUTPUT 


I 
I 


~ 
I 


I 
I 
I 


=======================X-N-E-W-P-20---23-D-A-T-A--~ 
I 
I 
X 
I 


itPL-1 
2ND 
CYCLE 


I 
I 


I 
I 


* 


I 
PCH 
P9RT 20-23 DATA 


1IPD!-ICA1 


~tDP 
.1" ·1 


OUTPUT DATAI 


!-tCP+IPC.j 


II--tpp 
----------~_I 
__ 
~ 


C1 


~ 


l 


1-11 
MHz 


--=- 
Cl 
= C2 = 33pF ± 5% c:::::J 


C3 


J1-11MHz 
=51- 


C1 = 5 pF ± Y, pF + 
(STRAY 
< 5 pF) 
C2 = 
(CRYSTAL 
+ 
STRAY) 
< B pF 


C3 = 20 pF 
±1 
pF (STRAY 
< 5 pF) 


Crystal 
series 
resistance 
should 
be less than 300 
at 11 MHz; less 


than 
750 
at 6 MHz; less than 
1BOO at 3.t; MHz. 


210983-11 
For XTAL1 and XTAL2 define "high" as volt.iges above 1.6V and 
"low" as voltages below 1.6V. The duty cycle requirements for 
externally driving XTAL1 and XTAL2 using the circuit shown 
above are as follows: XTAL1 must be high 35-65% of the period 
and XTAL2 must be high 36-65% 
of the period. Rise and fall 


times must be faster than 20 ns. 


PROGRAMMING, 
VERIFYING 
AND 


ERASING 
THE 8749H (8748H) 
EPROM 


Programming 
Verification 


In brief, the programming 
process 
consists 
of: acti- 


vating 
the 
program 
mode, 
applying 
an 
address, 


latching 
the address, 
applying 
data, and applying 
a 


programming 
pulse. Each word is programmed 
com- 


pletely before 
moving on to the next and is followed 


by a verification 
step. The following 
is a list of the 


pins used for programming 
and a description 
of their 


functions: 


Pin 
Functlion 


XTAL 1 
Clock Input (3 to 4.0 MHz) 


XTAL 2 
RESET 
Initialization 
and Adclress Latching 


TEST 0 
Selection 
of Program or Verify Mode 


EA 
Activation 
of PrograrnlVerify 
Modes 


BUS 
Address 
and Data Input 


Data Output During Verify 


P20-P22 
Address 
Input 
Voo 
Programming 
Power Supply 
PROG 
Program Pulse Input 


An 
attempt 
to 
program 
a 
missocketed 
8749H 


(8748H) 
will result in severe 
damage 
to the part. An 
indication 
of a properly 
socketed 
part is the appear- 


ance of the ALE clock output. The lack of this clock 
may be used to disable 
the programmer. 


The ProgramlVerify 
sequence 
is: 


1) Voo = 5V, Clock applied 
or internal 
oscillator 
op- 


erating. 
RESET = OV, TEST 0 = 5V, EA = 5V, 


BUS and PROG 
floating. 
P10 and 
P11 must 
be 


tied to ground. 


2) Insert 8749H 
(8748H) 
in programming 
socket. 


3) TEST 0 = OV (select 
program 
mode) 


4) EA = 18V (activate 
program 
mode) 


5) Address 
applied 
to BUS and P20-22 


6) RESET = 5V (latch address) 


7) Data applied 
to BUS 


8) Voo = 21V (programming 
power) 


9) PROG 
= 
Vcc 
or float 
followed 
by one 
50 ms 


pulse to 18V 


10) VOO = 5V 


11) TEST 0 = 5V (verify mode) 


12) Read and verify data on BUS 


13) TEST 0 = OV 


14) RESET = OV and repeat from step 5 


15) Programmer 
should 
be at conditions 
of step 
1 


when 8749H 
(8748H) 
is removed 
from socket. 


inter 


A.C. TIMING 
SPECIFIC,G~TION FOR PROGRAMMING 
8748H/8749H 
TA = 25°C 
±5°C; 
VCC = 5V :1:5%; VDD = 21V 
±0.5V 


Symbol 
P~lrameter 
Min 
Max 
Unit 
Test Conditions 


tAW 
Address 
Setup Time to RESET i 
4tCY 


tWA 
Address 
Hold Time after RESET i 
4tCY 


tDW 
Data in Setup Time to PROG i 
4tCY 


tWD 
Data in Hold Time after PROG ..t- 
4tCY 


tpH 
RESET Hold Time to Verify 
4tCY 


tVDDW 
VDD Hold Time before PROG i 
0 
1.0 
ms 


tVDDH 
VDD Hold Time after PROG ..t- 
O 
1.0 
ms 


tpw 
Program Pulse Width 
50 
60 
ms 


tTW 
TEST 0 Setup Time for Program Mode 
4tCY 


tWT 
TEST 0 Hold Time after Program Mode 
4tCY 


tDO 
TEST 0 to Data Out Delay 
4tCY 


tww 
RESET Pulse Width to Latch Address 
4tey 


tr, tf 
VDD and PROG Rise and Fall Times 
0.5 
100 
p's 


tCY 
CPU Operation 
Cycle Time 
3.75 
5 
p's 


tRE 
RESET Setup Time before EA i 
4tCY 


NOTE: 
If TEST 0 is high, too can be triggemd by RESET i. 


D.C. SPECIFICATION 
FCIR PROGRAMMING 
8748H/8749H 
TA = 25°C 
±5°C; 
VCC = 5V ±5%; 
VDD = 21V 
±0.5V 


Symbol 
P~lrameter 
Min 
Max 
Unit 
Test Conditions 


VDDH 
VDD Program Voltage 
High Level 
20.5 
21.5 
V 


VDDL 
VDD Voltage 
Low Level 
4.75 
5.25 
V 


VPH 
PROG Program Voltage 
High Level 
17.5 
18.5 
V 


VPL 
PROG Voltage 
Low Level 
4.0 
VCC 
V 


VEAH 
EA Program or Vl:lrify Voltage 
High Level 
17.5 
18.5 
V 
, 


IDD 
VDD High Voltago 
Supply Current 
20.0 
mA 


IpROG 
PROG High Voltage 
Supply Current 
1.0 
mA 


lEA 
EA High Voltage 
Supply Current 
1.0 
mA 


inter 


VIL1 


VCC 


RESET 


VIL1 


__ 
-{NEXT 
ADDRX= 
VALID 


lAW 


DBO-DB7 J--- 


LAST 
X 
ADDRESS 


~ 


tvDDW 
IVDDH 


VDDH 
,_ 
Ipw 
twT 


Voo 


VDDL 
---------. 
------------------ 
PRO~:: 
IV--\J]~: 
. 
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\_-~/ 
\_- 


__J 
N_E_XT 
__ X NEXT 
DATA)- 


\ 
ADDRESS 
OUT 
VALID 


_____x== 
ADDRESS 
(8-9) VALID 
X~ 
NE_X_T_A_D_D_R_E_S_S_VA_L_ID_ 


INITIAL EPROM DUMP CYCLE 


AlEJUWUlIUUUl 
(NOTE1) 


+lIVr- 
EA---..J 
I 
I 
: (INPUT) 
: 
I 
I 
I 
' 
I 
' 
I 
: 
DB~~--R-OM-D-A-TA-H--A-D-D-R-E-SS--~ 
••• 
_ 


. (INPUT) 
(OUTPUT) , 
(INPUT) 
(OUTPUT); 
--------, !(INPUT) 
I...,-------- 
, 
' 
, 
: 


P2o-P23-C'--A-D-D-R-E-SS----H 
••• 
A_D_D_RE_S_S ~•••-------- 


: (INPUT) 


48H 


A10 
0 


A11 
0 


49H 


ADDR 


o 


NOTE: 
ALE is function 
of Xl, X2 inputs. 
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MCS®·48 


EXPRESS 


• ooe to 70 


0e 
Operation 


• 
- 40 


0e 
to + 85°e Operation 


• 
168 Hr. Burn-In 


• 
8048AH/8035AHL 


• 
8049AH/8039AHL 


• 
8050AH/8040AHL 


• 
8748H 


• 
8243 


• 
8749H 


The new Intel EXPRESS family of single-component 
8-bit microcomputers 
offers enhanced 
processing 
options 
to the familiar 
8048AH/8035AHL, 
B748H, 8049AH/8039AHL, 
8749H, 
8050AH/8040AHL 
Intel components. 
These 
EXPRESS 
products 
are deEigned 
to meet the needs 
of those 
applications 
whose 
operating 
require- 
ments 
exceed 
commercial 
standards, 
but fall short of military conditions. 


The EXPRESS 
options 
include 
the commercial 
standard 
and - 40·C to + 85·C operation 
with or without 
168 
±8 
hours 
of dynamic 
burn-in 
at 125·C 
per MIL-STD-883, 
method 
1015. 
Figure 
1 summarizes 
the 
option 
marking 
designators 
and package 
selections. 


For a complete 
description 
of 8048AH/8035AHL, 
8748H, 
8049AH/8309AHL, 
8749H, 
8040AHL 
and 8050AH 
features 
and operating 
characteris':ics, 
refer to the respective 
standard 
commercial 
grade 
data sheet. 
This 
document 
highlights 
only the electrical 
specifications 
which differ from the respective 
commercial 
part. 


I 
Temp Range ·C 
0-70 
-40-+85 
0-70 
-40- +85 
I 
Burn In 
o Hrs 
o Hrs 
168 Hrs 
168 Hrs 


P804HAH 
TP8048AH 
QP8048AH 
LP8048AH 
D804BAH 
TD8048AH 
QD8048AH 
LD8048AH 
D874BH 
TD8748H 
QD8748H 
LD8748H 
P803!iAHL 
TP8035AHL 
QP8035AHL 
LP8035AHL 


D803!5AHL 
TD8035AHL 
QD8035AHL 
LD8035AHL 
P804HAH 
TP8049AH 
QP8049AH 
LP8049AH 
D804!lAH 
TD8049AH 
QD8049AH 
LD8049AH 


D874!lH 
TD8749AH 
QD8749H 
LD8749AH 
P803~IAHL 
TP8039AHL 
QP8039AHL 
LP8039AHL 
D803!lAHL 
TD8039AHL 
QD8039AHL 
LD8039AHL 
P8050AH 
TP8050AH 
QP8050AH 
LP8050AH 
D8050AH 
TD8050AH 
QD8050AH 
LD8050AH 
P8040AHL 
TP8040AHL 
QP8040AHL 
LP8040AHL 
D8040AHL 
TD8040AHL 
QD8040AHL 
LD8040AHL 
P824~: 
TP8243 
QP8243 
- 
D824::1 
TD8243 
QD8243 
LD8243 


• Commercial Grade 
P Plastic 
Pack age 
o Cerdip 
Package 


TP 8048AH/TP8035AHL/LP8048AH/LP8035AHL 
TD8048AH/TD8035AHL/LD8048AH/LD8035AHL 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 


Mln 
Typ 
Max 


VIH 
Input High Voltage 
(All Except 
2.2 
Vee 
V 


XTAL 1, XTAU!, 
RESET) 


100 
Voo Supply Current 
4 
8 
mA 


100 + Ice 
Total Supply Current 
40 
80 
mA 


TP'8049AH/TP8039AHL/LP8049AH/LP8039AHL 
TD8049AH/TD8039AHL/LD8049AH/LD8039AHL 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 


Mln 
Typ 
Max 


VIH 
Input High Voltage 
(All Except 
2.2 
Vee 
V 
XTAL 1, XTAL~!, RESET) 


100 
Voo Supply Current 
5 
10 
mA 


100 + Ice 
Total Supply Current 
50 
100 
mA 


TPa050AH/TP8040AHL/LP8050AHL/LP8040AHL 
TD8050AH/TD8040AHL/LD8050AH/LD8040AHL 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 


Mln 
Typ 
Max 


VIH 
Input High Voltage 
(All Except 
2.2 
Vee 
V 
XTAL 1, XTAU!, 
RESET) 


100 
Voo Supply Current 
10 
20 
mA 


too + lee 
Total Supply Current 
75 
120 
mA 
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Symbol 
Paramelter 
Limits 
Unit 
Test Conditions 


Mln 
Typ 
Max 


VIH 
Input High Voltago 
(All Except 
2.2 
Vee 
V 


XTAL 1, XTAL2, RESET) 


100 + Ice 
Total Supply Curmnt 
50 
130 
mA 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 


Mln 
Typ 
Max 


VIH 
Input High VoltagEl (All Except 
2.2 
Vee 
V 


XT AL 1, XT AL2, RI=SET) 


100 + Ice 
Total Supply CurrElnt 
75 
150 
mA 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
I 
Typ 
I 
Max 


Ice 
Vee Supply Current 
I 
15 
I 
25 
mA 


8243 Expander, 2-4 
8243 Port Characteristics, 2-5 


Accumulator, 1-1 
Addressing Beyond 2K, 2-1 
Addressing External Data Memory, 2-4 
ALE, 1-17,2-9 
ALU, 1-1 
Arithmetic Logic Unit, 1-1 


Clock Circuits, 1-9 
Conditional Branches, 1-6 
Control Signals, 2-8 
Counter, 1-7 
Cycle Counter, 1-10 


E 


EA,I-15 
Erasing EPROM, 1-18 
Erasure Characteristics, 1-18 
Event Counter, 1-9 
Expansion of Data Memory, 2-3 
Expansion of I/O, 2-4 
Expansion of Program Memory, 2-1 
Extended Addressing, 2-1 
External Access Mode, 1-15 
External Data Memory Addressing, 2-4 
External Instruction Fetch, 2-1 


I/O Expander Device (8243), 2-4 
I/O Expansion, 2-4, 2-5 
I/O Port Characteristics, 2-5 
I/O "Port Restore, 2-2 
Instruction Decoder, 1-1 
Instruction Fetch (External), 2-1 
INT, 1-17 
Interrupt, 
1-5, 1-7 
Interrupt Routines, 2-2 
Interrupt Timing, 1-7 


Memory Bank Switch, 2-1 
Memory Bank Switching, 2-8 
Memory Expansion, 2-5 
Multi-Chip Systems, 2-7 


Pin Description, 1-16 
Port 1, 1-5, 1-17 
Port 2, 1-5, 2-9 
Port Characteristics, 2-9 
Power Down, 1-13 
PROG, 1-17,2-9 
Program Counter, 1-5 
Program Memory, 1-1 
Program Status Word, 1-6 
Programming EPROM, 1-18 
PSEN,2-9 
PSW, 1-6 


R 


RD, 1-17, 2-9 
Read Cycle, 2-3 
Reset, 1-10, 1-17 
Restoring I/O Ports, 2-2 


Single Step, 1-11, 1-14 
Stack, 1-5 
State Counter, 1-10 
Sync Mode, 1-15 


T 


TO, 1-5, 1-17 
Tl, 1-5, 1-17 
Test Inputs, 1-5 
Timer, 1-7, 1-9 
Timing, 1-13 
Timing Circuits, 1-9 


Vcc, 1-17 
VDD, 1-17 
Verifying EPROM, 1-18 


VSS, 1-17 


W 


WR, 1-17, 2-9 
Write Cycle, 2-3 


Overview' 


inter 


ARCHITECTURAL 
OVERVIEW 


OF THE MCS®·S;1 FAMILY OF MICROCONTROLLERS 


The MCS<!>-51family ofmicrocontrollers 
consists of the devices listed in Table J. The basic architectural structure of 
these devices is shown in Figure I. 


--- - ....-. 


o 
o 
o 
o 
o 
o 
o 
o 


.KJ 
ROt,j 


8K ROt,j 
IN 8052 i -------0 


o 
0 


o 
0 


o 
0 


.-------, 
o 
TIt,jER2 
~<ll- 
] 


o 
(8052) 
0 


256 BYTES 
COUNTER 


RAt,j IN 8052 
TIt,jER 1 
INPUTS 


Tlt,jER0 


Device 
ROMless 
EPROM 
ROM 
RAM 
16·Bit 
Ckt 


- 


Name 
Version 
Version 
Bytes 
Bytes 
Timers 
Type 


8051 
8031 
(8751) 
4K 
128 
2 
HMOS 


8051AH 
8031AH 
8751H 
4K 
128 
2 
HMOS 


8052AH 
8032AH 
8752BH 
8K 
256 
3 
HMOS 


80C51 BH 
80C31BH 
87C51 
4K 
128 
2 
CHMOS 


83C51FA 
80C51FA 
87C51FA 
8K 
256 
4 
CHMOS 


83C152 
80C152 
87C152 
8K 
256 
2 
CHMOS 


inter 


The 8051 is the original member of the MCS-51 Fami- 
ly, and has been in production since 1981. Among the 
features of the 8051 are: 


• 8-bit CPU optimized for control applications 
• Extensive Boolean processing (single-bit logic) 


capabilities 


• 32 bidirectional and individually addressable I/O 
lines 


• 
128 bytes of on-chip Data RAM 


• Two 16-bit timer/counters 
• Full duplex UART 
• 5-source interrupt structure with 2 priority levels 


• On-chip clock oscillator 
• 4K bytes of on-chip Program Memory 
• 64K Program Memory address space 
• 64K Data Memory address space 


The 8031 differs from the 8051 in not having the on- 
chip Program ROM. Instead, the: 8031 fetches all in- 
structions from external memory. 


The EPROM version of the 8051, the 8751, is no longer 
in production. It has been superst:<!edby the 8751H. 


The 8051AH is identical to the 8051, but is fabricated 
with HMOS II technology. It is pin-for-pin compatible 
with the 8051. 


The ROMless version of the 805lAH is the 8031AH. 
The EPROM version is the 8751H. 


The 8052AH is an enhanced 8051. It is fabricated with 
HMOS II technology, and is backwards compatible 
with the 8051. Its enhancements over the 8051 are as 
follows: 
• 256 bytes of on-chip Data RAM 
• Three timer/counters 
• 6-source interrupt structure 
• 8K bytes of on-chip Program ROM 


The ROMless version of the 8052AH is the 8032AH. 
The EPROM version is the 87521lH. 


A 
separate 
product, 
the 
8052,AH-BASIC, 
is 
an 
8052AH with a full BASIC interpreter in the on-chip 
ROM. 


The 80C51BH is the CHMOS version of the 8051. 
Functionally, it is fully compatible with the 8051, but 
being CMOS it draws less current than its HMOS 
counterpart. To further exploit the power savings avail- 
able in CMOS circuitry, two reduced power modes are 
added: 
• Software-invoked Idle Mode, during which the CPU 
is turned off while the RAM and other on-chip 
peripherals continue operating. In this mode, cur- 
rent draw is reduced to about 15% of the current 
drawn when the device is fully active. 


• Software-invoked Power Down Mode, during which 


all on-chip activities are suspended. The on-chip 
RAM continues to hold its data. In this mode the 
device typically draws less than 10 p.A. 


Although the 8OC5IBH is functionally compatible with 
its HMOS counterpart, specific differences between the 
two types of devices must be considered in the design of 
an application circuit if one wishes to ensure complete 
interchangeability 
between the HMOS and CHMOS 


devices. These considerations are discussed in the Ap- 
plication 
Note 
AP-252, 
"Designing 
with 
the 


80C51BH". 


The 
ROMless 
version 
of 
the 
8OC51BH is 
the 


80C31BH. The EPROM version is the 87C51. 


The 83C51FA is an enhanced version of the 80C51BH 
and is backwards compatible with the 80C51BH. The 
new features which have been incorporated are as fol- 
lows: 
• Programmable Counter Array with 


Compare/Capture 
High Speed Output 
Pulse Width Modulator 
Watchdog Timer 


• Programmable Serial Channel 


Automatic Address Recognition 
Framing Error Detection 
• Enhanced Power Down Mode 


• Up/down timer/counter 
• 8 Kbytes of on-chip Program ROM 
• 256 bytes of on-chip Data RAM 
• 7-source interrupt structure 


For further information on these new features, refer to 
the "Hardware Description of the 83C51FA" chapter. 


The ROMless version of the 83C51FA is the 80C51FA. 
The EPROM version is the 87C51FA. 


PROGRAll 
IAEllORY 
________ 
S~~~~~~~ 
• 


FFFFH: 


DATA llEllORY 
(READ/WRITE) 
....._--- ..-----------------.I 
FFFFH: 
I 
I 
I 
I 
I 
I 
I 
I 


EXTERNAL 
I, 
I 


INTERNAL 
FFH:LIJ 
000-:00 


The 83CI52 is an enhanced version of the 80C51BH 
and is 100% compatible with code: written for the 
80C51BH. Some of the new features which have been 
incorporated are: 
• Global Serial Channel (GSC)- 


A high speed serial communication link capable of 
transmitting 
data in excess of 2 Mbps in either 


HDLC or CSMA/CD protocols. 


• Two DMA Channels- 
Each 
DMA 
channel 
is capable 
of transferring 


64 Kbytes of data. Options include: automatic ad- 
dressing, automatic servicing ofthc: GSC or UART, 
alternate cycle transfers, and bunt 
data transfers. 


The 
source 
and/or 
destination 
can 
be internal 
RAM, external RAM, or SFR memory space. Most 
DMA transfers take I machine cyde to complete. 


• Port 4-- 


The 83CI52 has added an additional port called 
port 4. Because of the added port, the 83CI52 is 
available in 48-pin DIP or 68-pin JPLCCpackages. 


• 8 Kbytes of on-chip program ROM 
• 256 bytes of on-chip data RAM 
• II interrupt vectors 


For more information on the 83CI52 please refer to the 
"Hardware Description" chapter on this product. 


The ROMless version of the 83CI52 is the 80C152. 
There is no EPROM version for the 83CI52 but a ver- 
sion is offered which has an additional two ports which 
can be connected to an EPROM for ROM develop- 
ment. 


MEMORY 
ORGANIZATION 
IN 


MCS®-51 
DEVICES 


Logical Separation 
of Program and 


Data Memory 


All MCS-51 devices have separate address spaces for 
Program and Data Memory, as shown in Figure 2. The 
logical separation of Program and Data Memory allows 
the Data Memory to be accessed by 8-bit addresses, 
which can be more quickly stored and manipulated by 
an 8-bit CPU. Nevertheless, 16-bit Data Memory ad- 
dresses can also be generated through the DPTR regis- 
ter. 


Program Memory can only be read, not written to. 
There can be up to 64K bytes of Program Memory. In 
the 8051, 8051AH, 8OC51BH, and their EPROM ver- 
sions, the lowest 4K bytes of Program Memory are on- 
chip. The 8052AH, 83C51FA, and 83CI52 provide 8 
Kbytes of on-chip Program Memory storage. In the 


ROMless versions all Program Memory is external. 
The read strobe for external Program Memory is the 
signal PSEN (Program Store Ena.ble). 


Data Memory occupies a separate address space from 
Program Memory. Up to 64K bytes of external RAM 
can be addressed in the external Data Memo~ace. 
The CPU generates read and write signals, RD and 
WR, as needed during external Data Memory accesses. 


External Program Memory and ellternal Data Memory 
may be combined if desired by applying the RD and 
PSEN signals to the inputs of an AND gate and using 
the output of the gate as the read strobe to the ellternal 
ProgramlData 
memory. 


Figure 3 shows a map of the low(:r part of the Program 
Memory. After reset, the CPU hegins execution from 
location OOOOH. 


As shown in Figure 3, each interrupt is assigned a filled 
location in Program Memory. The interrupt causes the 
CPU to jump to that location, where it commences exe- 
cution of the service routine. Elll:ernal Interrupt 0, for 
example, is assigned to location 0003H. If External In- 
terrupt 0 is going to be used, it!, service routine must 
begin at location 0003H. If the interrupt is not going to 
be used, its service location is available as general pur- 
pose Program Memory. 


00lBH=r 
8 
BYTES 


0013H 


The interrupt service locations are spaced at 8-byte in- 
tervals: 0003H for External Interrupt 
0, OOOBHfor 
Timer 0, OO13Hfor External Interrupt 
I, OOIBH for 
Timer 1, etc. If an interrupt service routine is short 
enough (as is often the case in control applications), it 
can reside entirely within that 8-byte interval. Longer 
service routines can use a jump instructIon to skip over 
subsequent interrupt locations, if other interrupts are in 
use. 


The lowest 4K (or 8K, in the 8052AH, 83C5lFA and 
83C152) bytes of Program Memory can be either in the 
on-chip ROM or in an external ROM. This selection is 
made by strapping the EA (External Access) pin to 
either Vcc or VSS' 


In the 8051 and its derivatives, if the EA pin is strapped 
to Vcc, then program 
fetches to addresses OOOOH 


through OFFFH are directed to the internal ROM. Pro- 
gram fetches to addresses lOOOHthrough FFFFH 
are 


directed to external ROM. 


In the 8052AH and the other 8K ROM parts, EA 
Vcc selects addresses OOOOHthrough lFFFH to be in- 
ternal, and addresses 2000H through FFFFH to be ex- 
ternal. 


If the EA pin is strapped to Vss' then all program 
fetches are directed to external ROM. The ROMless 
parts (8031, 8032AH, etc.) must have this pin external- 
ly strapped to VSSto enable them to execute from ex- 
ternal Program Memory. 


The read strobe to external ROM, PSEN, is used for all 
external program fetches. PSEN is not activated for in- 
ternal program fetches. 


Figure 4. Executing 
from External 


Program 
Memory 


The hardware configuration for external program exe- 
cution is shown in Figure 4. Note that 16 I/O lines 
(ports 0 and 2) are dedicated to bus functions during 
external Program Memory fetches. Port 0 (POin Figure 
4) serves as a multiplexed address/data 
bus. It emits 


the low byte of the Program Counter (PCL) as an ad- 
dress, and then goes into a float state awaiting the arriv- 
al of the code byte from the Program Memory. During 
the time that the low byte of the Program Counter is 
valid on PO, the signal ALE (Address Latch Enable) 
clocks this byte into an address latch. Meanwhile, Port 
2 (p2 in Figure 4) emits the high byte of the Program 
Counter (PCH). Then PSEN strobes the EPROM and 
the code byte is read into the microcontroller. 
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Program Memory addresses are always 16 bits wide, 
even though the actual amount of Program Memory 
used may be less than 64K bytes. External program 
execution sacrifices two of the 8-bit ports, POand P2, to 
the function of addressing the Progr,am Memory. 


The right half of Figure 2 shows the internal and exter- 
nal Data Memory spaces available to the MCS-51 user. 


Figure 5 shows a hardware configuration for accessing 
up to 2K bytes of external RAM. The CPU in this case 
is executing from internal ROM. Port 0 serves as a 
multiplexed address/data bus to the RAM, and 3 lines 
of Port 2 are being used to page the RAM. The CPU 
generates RD and WR signals as ne.~ed during exter- 
nal RAM accesses. 


Figure 5. Accessing 
External 
[lata Memory. 
If the Program 
Memory 
Is Internal, 
the Other 
Bits of P2 are Available 
as 110. 


There can be up to 64K bytes of external Data Memo- 
ry. External Data Memory addresses can be either I or 
2 bytes wide. One-byte addresses are often used in con- 
junction with one or more other I/O lines to page the 
RAM, as shown in Figure 5. Two-byte addresses can 
also be used, in which case the high address byte is 
emitted at Port 2. 
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Internal Data Memory is mapped in Figure 6. The 
memory space is shown divided into three blocks, 
which are generally referred to as the Lower 128, the 
Upper 128, and SFR space. 


Internal Data Memory addresses are always one byte 
wide, which implies an address space of only 256 bytes. 
However, the addressing modes for internal RAM can 
in fact accommodate 384 bytes, using a simple trick. 
Direct addresses higher than 7FH access one memory 
space, and indirect addresses higher than 7FH access a 
different memory space. Thus Figure 6 shows the Up- 
per 128 and SFR space occupying the same block of 
addresses, 80H through FFH, although they are physi- 
cally separate entities. 
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BANKS 
OF 
REGISTERS 
-R7 


The Lower 
128 bytes of RAM 
are present in all 
MCS-51 devices as mapped in Figure 7. The lowest 32 
bytes are grouped into 4 banks of 8 registers. Program 
instructions callout 
these registers as RO through R7. 


Two bits in the Program Status Word (PSW) select 
which register bank is in use. This allows more efficient 
use of code space, since register instructions are shorter 
than instructions that use direct addressing. 


AVAILABLE 
AS STACK 
SPACE 
IN 80S2AH. 


83C51 
FA, 
83C152 


I'SW 7 


CARRY FLAG RECEIVES CARR'! OUT 


FROIol BIT 1 OF ALU OPEFIANDS 


PSW 6 


AUXILIARY CARRY FLAG RECElVES 


CARRY OUT FROIol BI1 1 OF 


ADDIlION 
OPEF~ANDS 


PSW 0 
PARITY OF ACCUIolULATOR SET 
BY HARDWARE TO 1 IF IT CONTAINS 
AN ODD NUIolBER OF 1S. OTHERWISE 
IT IS RESET TO 0 


PSW 2 
OVERFLOW FLAG SET BY 
ARITHIolETIC OPERATIONS 


The next 16bytes above the register banks form a block 
of bit-addressable memory space. The MCS-5l instruc- 
tion set includes a wide selection of single-bit instruc- 
tions, and the 128 bits in this area can be directly ad- 
dressed by these instructions. The bit addresses in this 
area are OOHthrough 7FH. 


All of the bytes in the Lower 128 can be accessed by 
either direct or indirect addressmg. The Upper 
128 


(Figure 8) can only be accessed by indirect addressing. 
The Upper 128 bytes of RAM arc:not implemented in 
the 8051, but are in the 8052AH, 83C51FA, and 
83C152. 


Figure 9 gives a brief look at the S,pecialFunction Reg- 
ister (SFR) space. SFRs include the Port latches, tim- 
ers, peripheral controls, etc. These registers can only be 
accessed by direct addressing. In general, all MCS-51 
microcontrollers have the same SFRs as the 8051, and 
at the same addresses in SFR space. However, enhance- 
ments to the 8051 have additional SFRs that are not 
present in the 8051, nor perhaps in other proliferations 
of the family. 


ACC 


PORT 3 
; 


PORT 2 


PORT 1 
; 


PORT 0 


-PORT 
PINS 
-ACCUIolULATOR 
-PSW 


(ETC.) 


ADDRI:SSES THAT END IN 
OH OF: BH ARE ALSO 
BIT-A)DRESSABLE 


Sixteen addresses in SFR space are both byte- and bit- 
addressable. The bit-addressable SFRs are those whose 
address ends in OOOB.The bit addresses in this area are 
80H through FFH. 


All members of the MCS-51 family execute the same 
instruction 
set. The MCS-51 instruction 
set is opti- 


mized for 8-bit control applications. It provides a vari- 
ety of fast addressing modes for accessing the internal 
RAM to facilitate byte operations on small data struc- 
tures. The instruction set provides extensive support for 
one-bit variables as a separate data type, allowing direct 
bit manipulation in control and logic systems that re- 
quire Boolean processing. 


An overview of the MCS-51 instruction set is presented 
below, with a brief description of how certain instruc- 
tions might be used. References to "the assembler" in 
this discussion are to Intel's MCS-51 Macro Assembler, 
ASM51. More detailed information on the instruction 
set can be found in the MCS-51 Macro Assembler Us- 
er's Guide (Order No. 9800937 for ISIS Systems, Order 
No. 122752 for DOS Systems). 


The Program 
Status Word (PSW) contains 
several 
status bits that reflect the current state of the CPU. The 
PSW, shown in Figure 10, resides in SFR space. It con- 
tains the Carry bit, the Auxiliary Carry (for BCD oper- 
ations), the two register bank select bits, the Overflow 
flag, a Parity bit, and two user-definable status flags. 


The Carry bit, other than serving the functions of a 
Carry bit in arithmetic operations, also serves as the 
"Accumulator" 
for a number of Boolean operations. 
, 


inter 


The bits RSOand RSI are used to select one of the four 
register banks shown in Figure 7. A number of instruc- 
tions refer to these RAM locations as RO through R7. 
The selection of which of the four banks is being re- 
ferred to is made on the basis of the bits RSOand RS 1 
at execution time. 


The Parity bit reflects the number of Is in the Accumu- 
lator: P = I if the Accumulator comains an odd num- 
ber of Is, and P = 0 if the Accumulator contains an 
even number of Is. Thus the number of Is in the Accu- 
mulator plus P is always even. 


Two bits in the PSW are uncommitted and may be used 
as general purpose status flags. 


The addressing modes in the MCS-SI instruction set 
are as follows: 


In direct addressing the operand is specified by an 8-bit 
address field in the instruction. 
Only internal Data 


RAM and SFRs can be directly addressed. 


In indirect addressing the instruction ,;pecifiesa register 
which contains the address of the operand. Both inter- 
nal and external RAM can be indirectly addressed. 


The address register for 8-bit addresses can be RO or 
Rl of the selected register bank, or the Stack Pointer. 
The address register for 16-bit addresses can only be the 
16-bit "data pointer" register, DPTR, 


The register banks, containing registers ROthrough R7, 
can be accessed by certain instructions which carry a 
3-bit register specification within the opcode of the in- 
struction. Instructions that access the registers this way 
are code efficient, since this mode eliminates an address 
byte. When the instruction is executed, one of the eight 
registers in the selected bank is accessed. One of four 
banks is selected at execution time by the two bank 
select bits in the PSW. 


Some instructions are specific to a certain register, For 
example, some instructions always operate on the Ac- 
cumulator, or Data Pointer, etc., so no address byte is 
needed to point to it. The opcode itself does that. In- 
structions that refer to the Accumlator as A assemble 
as accumulator-specific opcodes. 


The value of a constant can follow the opcode in Pro- 
gram Memory. For example, 


loads the Accumulator with the decimal number 100. 
The same number could be specified in hex digits as 
64H. 


Only Program Memory can be accessed with indexed 
addressing, and it can only be read. This addressing 
mode is intended for reading look-up tables in Program 
Memory. A 16-bit base register (either DPTR or the 
Program Counter) points to the base of the table, and 
the Accumulator is set up with the table entry number. 
The address of the table entry in Program Memory is 
formed by adding the Accumulator 
data to the base 
pointer. 


Another type of indexed addressing is used in the "case 
jump" instruction. In this case the destination address 
of a jump instruction is computed as the sum of the 
base pointer and the Accumulator data. 


The menu of arithmetic instructions is listed in Table 2. 
The table indicates the addressing modes that can be 
used with each instruction to access the <byte> 
oper- 


and. For example, the ADD A, <byte> 
instruction can 
be written as: 


ADD 
ADD 
ADD 
ADD 


A,7FH 
A,@RO 
A,R7 
A,#127 


(direct addressing) 
(indirect addressing) 
(register addressing) 
(immediate constant) 


The execution times listed in Table 2 assume a 12 MHz 
clock frequency. All of the arithmetic instructions exe- 
cute in I ,.,.S except the INC DPTR instruction, which 
takes 2 ,.,.s,and the Multiply and Divide instructions, 
which take 4 ,.,.s. 


Note that any byte in the internal Data Memory space 
can be incremented 
or decremented 
without 
going 
through the Accumulator. 


One of the INC instructions operates on the 16-bit 
Data Pointer. The Data Pointer is used to generate 
16-bit addresses for external memory, so being able to 
increment it in one 16-bit operation is a useful feature. 


The MUL AB instruction multiplies the Accumulator 
by the data in the B register and puts the 16-bit product 
into the concatenated B and Accumulator registers. 
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Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dlr 
Ind 
Reg 
Imm 
Time (jJ.s) 


ADD 
A,<byte> 
A = A + <byte> 
X 
X 
X 
X 
1 


ADDC A, < byte> 
A = A + <byte> 
+ C 
X 
X 
X 
X 
1 


SUBB A;<byte> 
A = A - 
<byte> 
- C 
X 
X 
X 
X' 
1 


INC 
A 
A=A+1 
Accumulator only 
1 


INC 
<byte> 
<by1e> = <byte> 
+ 1 
X 
X 
X 
1 


INC 
DPTR 
DPTI=!= DPTR + 1 
Data Pointer only 
2 


DEC 
A 
A=A-1 
Accumulator only 
1 


DEC 
<byte> 
<by1e> = <byte> 
- 
1 
X 
X 
X 
1 


MUL 
AB 
B:A ,= B xA 
ACC and B only 
4 


DIV 
AB 
A = Int [AlB] 
ACC and B only 
4 


B = Mod [AI B) 


DA 
A 
Decimal Adjust 
Accumulator only 
1 


The DIY AB instruction divides, the Accumulator by 
the data in the B register and leaves the 8-bit quotient 
in the Accumulator, and the 8-bit remainder in the B 
register. 


completes the shift in 4 jJ.s and leaves the B register 
holding the bits that were shifted out. 


Oddly enough, DIY AB finds less use in arithmetic 
"divide" routines than in radix conversions and pro- 
grammable shift operations. An ,example of the use of 
DIY AB in a radix conversion will be given later. In 
shift operations, dividing a number by 2n shifts its n 
bits to the right. Using DIY AB t,operform the division 


The DA A instruction is for BCD arithmetic opera- 
tions. In BCD arithmetic, ADD and ADDC instruc- 
tions should always be followed by a DA A operation, 
to ensure that the result is also in BCD. Note that DA 
A will not convert a binary number to BCD. The DA 
A operation produces a meaningful result only as the 
second step in the addition of two BCD bytes. 


Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dir 
Ind 
Reg 
Imm 
Time (jJ.s) 


ANL 
A,<byte> 
A = A .AND. <byte> 
X 
X 
X 
X 
1 
ANL 
<byte> ,A 
<byte> 
= <byte> 
.AND.A 
X 
1 
ANL 
< byte>, #data 
<byte> 
= <byte> 
.AND. #data 
X 
2 
ORL 
A,<byte> 
A = A .OR. <byte> 
X 
X 
X 
X 
1 
ORL 
<byte> ,A 
<byte> 
= <byte> 
.OR.A 
X 
1 
ORL 
<byte> ,#data 
<byte> 
= <byte> 
.OR. #data 
X 
2 
XRL 
A, <byte> 
A = A .XOR. <byte> 
X 
X 
X 
X 
1 
XRL 
<byte> ,A 
<byte> 
= <byte> 
.XOR.A 
X 
1 
XRL 
<byte> ,#data 
<byte> 
= <byte> 
.XOR. #data 
X 
2 
CRL 
A 
A = OOH 
Accumulator only 
1 
CPL 
A 
A = .NOT.A 
Accumulator only 
1 
RL 
A 
Rotate ACC Left 1 bit 
Accumulator only 
1 
RLC 
A 
Rotate Left through Carry 
Accumulator only 
1 
RR 
A 
Rotate ACC Right 1 bit 
Accumulator only 
1 
RRC 
A 
Rotate Right through Carry 
Accumulator only 
1 
SWAP A 
Swap Nibbles in A 
Accumulator only 
1 
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Table 
3 shows 
the list of MCS-51 
logical 
instructions. 


The 
instructions 
that 
perform 
Boolean 
operations 


(AND, 
OR, Exclusive 
OR, NOT) 
on bytes perform 
the 


operation 
on a bit-by-bit 
basis. That 
is, if the Accumu- 


lator 
contains 
ooilOIOIB 
and 
<byte> 
contains 


OlOloollB, 
then 


The 
addressing 
modes 
that 
can be used 
to access 
the 
<byte> 
operand 
are listed in Table 
3. Thus, 
the ANL 


A, <byte> 
instruction 
may take any of the forms 


ANL 
ANL 
ANL 
ANL 


A,7FH 
A,@RI 
A,R6 
A,#53H 


(direct 
addressing) 


(indirect 
addressing) 
(register 
addressing) 
(immediate 
oJnstant) 


All of the 
logical 
instructions 
that 
are Accumulator- 


specific 
execute 
in I,...s (using 
a 12 ;MHz clock). 
The 


others 
take 2 ,...s. 


Note that Boolean 
operations 
can be performed 
on any 


byte in the internal 
Data 
Memory 
space without 
going 


through 
the Accumulator. 
The 
XRL 
<byte>, 
#data 


instruction, 
for example, 
offers a quick and easy way to 


invert 
port bits, as in 


If the operation 
is in response 
to an interrupt, 
not using 


the Accumulator 
saves the time and effort to stack it in 


the service 
routine. 


The 
SWAP 
A instruction 
interchanges 
the 
high 
and 
low nibbles 
within 
the 
Accumulator. 
This 
is a useful 
operation 
in BCD 
manipulations. 
For 
example, 
if the 
Accumulator 
contains 
a binary 
number 
which is known 
to be less than 
100, it can be quickly 
converted 
to BCD 


by the following 
code: 


MOV 
DIV 
SWAP 
ADD 


B,#10 
AB 
A 
A,B 


Dividing 
the number 
by 10 leaves the tens digit in the 


low nibble of the Accumulator, 
and the ones digit in the 


B register. 
The SWAP 
and ADD 
instructions 
move the 
tens digit 
to the high nibble 
of the Accumulator, 
and 
the ones digit to the low nibble. 


Table 
4 shows 
the menu 
of instructions 
that 
are avail- 
able for moving 
data around 
within 
the internal 
memo- 


ry spaces, 
and the addressing 
modes 
that 
can be used 
with 
each 
one. With 
a 12 MHz 
clock, 
all of these 
in- 
structions 
execute 
in either 
I or 2 ,...S. 


The MOV 
<dest> 
, <src> 
instruction 
allows 
data 
to 
be transferred 
between 
any two internal 
RAM 
or SFR 


locations 
without 
going through 
the Accumulator. 
Re- 


member 
the Upper 
128 byes of data 
RAM 
can be ac- 


cessed only by indirect 
addressing, 
and SFR space only 


by direct 
addressing. 


The Rotate 
instructions 
(RL A, RLC A, etc.) shift the 


Accumulator 
I bit to the left or righl:. For a left rota- 
tion, the MSB rolls into the LSB position. 
For a right 


rotation, 
the LSB rolls into the MSB position. 


Table 
4. A List of the 
MCS@-51 
[)ata 
Transfer 
Instructions 
that 
Access 
Internal 
Data 
Memory 
Space 


Note 
that 
in all MCS-51 
devices, 
the stack 
resides 
in 
on-chip 
RAM, 
and grows upwards. 
The PUSH 
instruc- 
tion first increments 
the Stack Pointer 
(SP), then copies 


the byte into the stack. 
PUSH 
and POP use only direct 
addressing 
to identify 
the byte being saved or restored, 


Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dir 
Ind 
Reg 
Imm 
Time 
(,...s) 


MOV 
A, <src> 
A= 
<src> 
X 
X 
X 
X 
1 


MOV 
<dest> 
,A 
<dest> 
=A 
X 
X 
X 
1 


MOV 
<dest>, 
<src> 
<dest> 
= 
<src> 
X 
X 
X 
X 
2 


MOV 
DPTR,#data16 
DPTR 
= 
16-bit immediate 
constant. 
X 
2 


PUSH 
<src> 
INC SF': MOV "@SP",<src> 
X 
2 


POP 
<dest> 
MOV <dest> 
, "@SP" 
: DEC SP 
X 
2 


XCH 
A,<byte> 
ACC a 1d < byte> 
exchange 
data 
X 
X 
X 
1 


XCHD 
A,@Ri 
ACC a'1d @Ri exchange 
low nibbles 
X 
1 
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but the stack itself is accessed by indirect addressing 
using the SP register. This means the stack can go into 
the Upper 128, if they are implemented, but not into 
SFR space. 


The Upper 
128 are not implemented 
in the 8051, 


80s1AH, 
or 
8OCslBH, 
nor 
in their 
ROM less or 


EPROM 
counterparts. 
With the:,e devices, if the SP 


points to the Upper 128, PUSHed bytes are lost, and 
POPped bytes are indeterminate. 


The Data Transfer instructions include a 16-bit MaY 
that can be used to initialize the Data Pointer (DPTR) 
for look-up tables in Program Memory, or for 16-bit 
external Data Memory accesses. 


The XCH A, <byte> 
instructior.. causes the Accumu- 
lator and addressed byte to exchange data. The XCHD 
A,@Ri instruction is similar, but only the low nibbles 
are involved in the exchange. 


To see how XCH and XCHD can be used to facilitate 
data manipulations, consider first the problem of shift- 
ing an 8-digit BCD number two digits to the right. Fig- 
ure II shows how this can be done using direct MaYs, 
and for comparison how it can be done using XCH 
instructions. 
To aid in understanding 
how the code 
works, the contents of the registers that are holding the 
BCD number and the content of the Accumulator are 
shown alongside each instruction 
to indicate 
their 
status after the instruction has been executed. 


2A 
28 
2C 
2D 
2E 
ACC 


MOV 
A,2EH 
00 
12 
34 
56 
78 
78 
MOV 
2EH.2DH 
00 
12 
34 
56 
56 
78 
MOV 
2DH,2CH 
00 
12 
34 
34 
56 
78 
MOV 
2CH,28H 
00 
12 
12 
34 
56 
78 
MOV 
28H,#0 
00 
00 
12 
34 
56 
78 


(a) Using direct 
MOVs: 
14 bytes, 
£I ,..s. 


2A 
28 
2C 
2D 
2E 
ACC 


CLR 
A 
00 
12 
34 
56 
78 
00 


XCH 
A.28H 
00 
00 
34 
56 
78 
12 


XCH 
A.2CH 
00 
00 
12 
56 
78 
34 


XCH 
A.2DH 
00 
00 
12 
34 
78 
56 


XCH 
A,2EH 
00 
00 
12 
34 
56 
78 


(b) Using XCHs: 9 bytes, 
5 ,..S 


Figure 11. Shifting 
a BCD Number 
Two Digits to thE! Right 


After the routine has been executed, the Accumulator 
contains the two digits that were shifted out on the 
right. Doing the routine with direct MaYs uses 14code 
bytes and 9 /ks of execution time (assuming a 12 MHz 
clock). The same operation with XCHs uses less code 
and executes almost twice as fast. 


To right-shift by an odd number of digits, a one-digit 
shift must be executed. Figure 12 shows a sample of 
code that will right-shift a BCD number one digit, us- 
ing the XCHD instruction. Again, the contents of the 
registers holding the number and of the Accumulator 
are shown alongside each instruction. 


MOV 
R1,#2EH 


MOV 
RO,#2DH 


loop for R1 = 2EH: 


LOOP: 
MOV 
A,@R1 
XCHD 
A,@RO 
SWAP 
A 
MOV 
@R1.A 
DEC 
R1 
DEC 
RO 
CJNE 
R1,#2AH,LOOP 


loopforR1 
= 2DH: 
100/12138145167145 
loop for R1 = 2CH: 
00 
18 
23 
45 
67 
23 
loop for R1 = 28H: 
08 
01 
23 
45 
67 
01 


CLR· 
A 
I 081 01 1231451671 
00 


XCH 
A,2AH 
00 
01 
23 
45 
67 
08 


00 
12 
34 
56 
78 
78 
00 
12 
34 
58 
78 
76 
00 
12 
34 
58 
78 
67 


00 
12 
34 
58 
67 
67 


00 
12 
34 
58 
67 
67 
00 
12 
34 
58 
67 
67 


Figure 12. Shifting 
a BCD Number 


One Digit to the Right 


First, pointers Rl and ROare set up to point to the two 
bytes containing the last four BCD digits. Then a loop 
is executed which leaves the last byte, location 2EH, 
holding the last two digits of the shifted number. The 
pointers are decremented, and the loop is repeated for 
location 2DH. The CJNE instruction (Compare and 
Jump if Not Equal) is a loop control that will be de- 
scribed later. 


The loop is executed from LOOP to CJNE for Rl = 
2EH, 2DH, 2CH and 2BH. At that point the digit that 
was originally shifted out on the right has propagated 
to location 2AH. Since that location should be left with 
Os,the lost digit is moved to the Accumulator. 
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Table 5 shows a list of the Data Transfer instructions 
that access external Data Memory. Only indirect ad- 
dressing can be used. The choice is whether to use a 
one-byte address, @Ri, where Ri can be either RO or 
R 1 of the selected register bank, or a two-byte address, 
@DPTR. The disadvantage to using 16-bit addresses if 
only a few K bytes of external RAM are involved is 
that 16-bit addresses use all 8 bits of Port 2 as address 
bus. On the other hand, 8-bit addresses allow one to 
address a few K bytes of RAM, as :,hown in Figure 5, 
without having to sacrifice all of Port 2. 


All of these instructions 
execute in 2 }Jos,with a 


12 MHz clock. 


Table 5. A List of the MCS;<!>·51 
Data 
Transfer Instructions 
th~lt Access 
External Data Memory Space 


Address 
Mnemonic 
Operutlon 
Execution 
Width 
Time 
(/Ls) 


8 bits 
MOVXA,@Ri 
Read e:dernal 
2 
RAM @Ri 


8 bits 
MOVX@Ri,A 
Write e:<lernal 
2 
RAM@Ri 


16 bits 
MOVX A,@DPTR 
Read e:dernal 
2 
RAM@DPTR 


16 bits 
MOVX @DPTR,A 
Write e:<lernal 
2 
RAM@DPTR 


Note that in all external Data RAM accesses, the Ac- 
cumulator is always either the destination or source of 
the data. 


The read and write strobes to external RAM are acti- 
vated only during the execution of a MOVX instruc- 
tion. Normally these signals are ina:tive, and in fact if 
they're not going to be used at all, their pins are avail- 
able as extra I/O lines. More about that later. 


Table 6 shows the two instructions that are available 
for reading lookup tables in Program Memory. Since 
these instructions access only Program Memory, the 
lookup tables can only be read, not updated. The mne- 
monic is MOVC for "move constant". 


If the table access is to external Program Memory, then 
the read strobe is PSEN. 


Table 6. The MCS<!>·51Lookup 


Table Read Instructions 


Mnemonic 
Operation 
Execution 
Time 
(/Ls) 


MOVC 
A.@A+DPTR 
Read pgm Memory 
2 


at (A+DPTR) 


MOVC 
A.@A+PC 
Read Pgm Memory 
2 


at (A+ 
PC) 


The first MOVC instruction in Table 6 can accommo- 
date a table of up to 256 entries, numbered 0 through 
255. The number of the desired entry is loaded into the 
Accumulator, and the Data Pointer is set up to point to 
beginning of the table. Then 


The other MOVC instruction works the same way, ex- 
cept the Program Counter (PC) is used as the table 
base, and the table is accessed through a subroutine. 
First the number of the desired entry is loaded into the 
Accumulator, and the subroutine is called: 


MOV 
CALL 
A,ENTRY_NUMBER 
TABLE 


TABLE: 
MOVC 
A,@A+PC 
RET 


The table itself immediately follows the RET (return) 
instruction in Program Memory. This type of table can 
have up to 255 entries, numbered 1 through 255. Num- 
ber 0 can not be used, because at the time the MOVC 
instruction is executed, the PC contains the address of 
the RET instruction. An entry numbered 0 would be 
the RET opcode itself. 


MCS-5l devices contain a complete Boolean (single-bit) 
processor. The internal RAM contains 128 addressable 
bits, and the SFR space can support up to 128 other 
addressable bits. All of the port lines are bit-address- 
able, and each one can be treated as a separate single- 
bit port. The instructions that access these bits are not 
just 
conditional 
branches, but a complete menu of 


move, set, clear, complement, OR, and AND instruc- 
tions. These kinds of bit operations are not easily ob- 
tained in other architectures with any amount of byte- 
oriented software. 


Table 
7. A List of the 
MCS@-51 


Boolean 
Instruc'tions 


Mnemonic 
Operatiol' 
Execution 
Time 
<fLS) 


ANL 
C,bit 
C = C .AND. bit 
2 


ANL 
C,Ibit 
C = C .AND .. NOT. bit 
2 


ORL 
C,bit 
C = C .OR. bit 
2 


ORL 
C,Ibit 
C = C .OR. .NOT. bit 
2 


MOV 
C,bit 
C = bit 
1 


MOV 
bit,C 
bit = C 
2 


CLR 
C 
C=O 
1 


CLR 
bit 
bit = 0 
1 


SETB 
C 
C = 
1 
1 


SETB 
bit 
bit = 
1 
1 


CPL 
C 
C = .NOT.C 
1 


CPL 
bit 
bit = .NOT. bit 
1 


JC 
rei 
Jump 
if C = 
1 
2 


JNC 
rei 
JumpifC 
= 0 
2 


JB 
bit,rel 
Jump 
if bit = 
1 
2 


JNB 
bit,rel 
Jump 
if bit = 0 
2 


JBC 
bit, rei 
Jump 
if bit = 
1; CLR bit 
2 


The instruction 
set for the Boolean 
processor 
is shown 
in Table 7. All bit accesses are by direct 
addressing. 
Bit 
addresses 
OOH through 
7FH are in the Lower 
128, and 
bit addresses 
80H through 
FFH 
are in SFR space. 


Note how easily an internal 
flag call be moved 
to a port 
pin: 


MOV 
C,FLAG 
MOV 
PI.O,C 


In this example, 
FLAG 
is the name of any addressable 


bit in the Lower 
128 or SFR 
space. 
An I/O 
line (the 


LSB of Port 
I, in this case) is set e,r cleared 
depending 
on whether 
the flag bit is I or O. 


The Carry bit in the PSW is used as the single-bit 
Accu- 


mulator 
of the Boolean 
processor. 
Bit instructions 
that 
refer to the Carry 
bit as C assemble 
as Carry-specific 
instructions 
(CLR 
C, etc). 
The 
Carry 
bit also 
has 
a 


direct 
address, 
since 
it resides 
in the 
PSW 
register, 


which 
is bit-addressable. 


Note 
that 
the 
Boolean 
instruction 
set includes 
ANL 


and ORL 
operations, 
but not the XRL 
(Exclusive 
OR) 


operation. 
An XRL operation 
is simple to implement 
in 


software. 
Suppose, 
for example, 
it is required 
to form 


the Exclusive 
OR of two bits: 


MOV 
C,bitl 
JNB 
bit2,OVER 
CPL 
C 
OVER: 
(continue) 


First, 
bitl 
is moved 
to the Carry. 
If bit2 
= 
0, then 
C 


now contains 
the correct 
result. That is, bit! 
.XRL. 
bit2 


= 
bitl 
if bit2 
= 
O. On the other 
hand, 
if bit2 
= 
I C 


now contains 
the complement 
of the correct 
result. 
It 


need only be inverted 
(CPL 
C) to complete 
the opera- 


tion. 


This 
code uses the JNB 
instruction, 
one of a series of 


bit-test 
instructions 
which 
execute 
a jump 
if the 
ad- 


dressed 
bit is set (JC, JB, JBC) or if the addressed 
bit is 


not 
set (JNC, 
JNB). 
In the above 
case, 
bit2 
is being 


tested, 
and if bit2 = 0 the CPL C instruction 
is jumped 


over. 


JBC executes 
the jump 
if the addressed 
bit is set, and 


also clears the bit. Thus a flag can be tested and cleared 
in one operation. 


All the PSW bits are directly 
addressable, 
so the Parity 


bit, or the general 
purpose 
flags, for example, 
are also 


available 
to the bit-test 
instructions. 


The destination 
address 
for these jumps 
is specified 
to 


the 
assembler 
by a label 
or by an 
actual 
address 
in 


Program 
Memory. 
However, 
the 
destination 
address 


assembles 
to a relative 
offset 
byte. 
This 
is a signed 


(two's 
complement) 
offset byte which 
is added 
to the 


PC in two's 
complement 
arithmetic 
if the jump 
is exe- 


cuted. 


The range of the jump 
is therefore 
-128 
to + 127 Pro- 


gram 
Memory 
bytes relative 
to the flIst byte following 


the instruction. 


inter 


Table 8 shows the list of unconditional jumps. 


Table 8. Unconditional 
Jumps 


In MCS~·51Devlcl!s 


Operation 
Execution 
Mnemonic 
Time (/L8) 


JMP 
addr 
Jumptoaddr 
2 


JMP 
@A+DPTR 
Jump to A + DPTH 
2 


CALL 
addr 
Call subroutine 
at addr 
2 


RET 
Return from subroutine 
2 


RETI 
Return from interrupt 
2 


NOP 
No operation 
1 


The Table lists a single "IMP addr" instruction, but in 
fact there are three-SIMP, 
UMP BindAJMP-which 


differ in the format of the destination address. JMP is a 
generic mnemonic which can be USl:dif the program- 
mer does not care which way the jump is encoded. 


The SJMP instruction encodes the destination address 
as a relative offset, as described abo'ie. The instruction 
is 2 bytes long, consisting of the opcode and the relative 
offset byte. The jump distance is limited to a range of 
- 128 to + 127 bytes relative to the instruction follow- 
ing the SJMP. 


The UMP 
instruction encodes the destination address 


as a 16-bit constant. The instruction ,is 3 bytes long, 
consisting of the opcode and two address bytes. The 
destination address can be anywhere in the 64K Pro- 
gram Memory space. 


The AJMP instruction encodes the destination address 
as an II-bit constant. The instruction is 2 bytes long, 
consisting of the opcode, which itself contains 3 of the 
II address bits, followed by another byte containing the 
low 8 bits of the destination address. When the instruc- 
tion is executed, these II bits are simply substituted for 
the low II bits in the PC. The high 5 bits stay the same. 
Hence the destination has to be wi.thin the same 2K 
block as the instruction following the AJMP. 


In all cases the programmer specifies the destination 
address to the assembler in the same way: as a label or 
as a 16-bit constant. The assembler Vlillput the destina- 
tion address into the correct format for the given in- 
struction. If the format required by the instruction will 
not support the distance to the speci:lieddestination ad- 
dress, a "Destination out of range" message is written 
into the List file. 


The 
JMP 
@A+DPTR 
instruction 
supports 
case 


jumps. The destination address is computed at execu- 
tion time as the sum of the 16-bit DPTR register and 


the Accumulator. Typically, DPTR is set up with the 
address of a jump table, and the Accumulator is given 
an index to the table. In a 5-way branch, for example, 
an integer 0 through 4 is loaded into the Accumulator. 
The code to be executed might be as follows: 


MOV 
MOV 
RL 
JMP 


DPTR,#JUMP_TABLE 
A,INDEX_NUMBER 
A 
@A+DPTR 


The RL A instruction converts the index number (0 
through 4) to an even number on the range 0 through 8, 
because each entry in the jump table is 2 bytes long: 


JUMP_TABLE: 


AJMP 
AJMP 
AJMP 
AJMP 
AJMP 


CASE_O 
CASE_I 
CASE_2 
CASE_3 
CASE_4 


Table 8 shows a single "CALL addr" instruction, but 
there are two of them-LCALL 
and ACALL--which 


differ in the format in which the subroutine address is 
given to the CPU. CALL is a generic mnemoni~ which 
can be used if the programmer does not care which way 
the address is encoded. 


The LCALL instruction uses the 16-bit address format, 
and the subroutine can be anywhere in the 64K Pro- 
gram Memory space. The ACALL instruction uses the 
II-bit format, and the subroutine must be in the same 
2K block as the instruction following the ACALL. 


In any case the programmer specifies the subroutine 
address to the assembler in the same way: as a label or 
as a 16-bit constant. The assembler will put the address 
into the correct format for the given instructions. 


Subroutines should end with a RET instruction, which 
returns 
execution 
to the 
instruction 
following the 


CALL. 


RETI is used to return from an interrupt service rou- 
tine. The only difference between RET and RETI is 
that RETI tells the interrupt control system that the 
interrupt in progress is done. If there is no interrupt in 
progress at the time RETI is executed, then the RETI 
is functionally identical to RET. 


Table 9 shows the list of conditional jumps available to 
the MCS-51 user. All of these jumps specify the desti- 
nation address by the relative offset method, and so are 
limited to ajump distance of -128 to + 127bytes from 
the instruction following the conditional jump instruc- 
tion. Important to note, however, the user specifies to 
the assembler the actual destination address the same 
way as the other jumps: as a label or a 16-bit constant. 


Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dir 
Ind 
Reg 
Imm 
Time (,.,.s) 


JZ 
rei 
,lump if A = 0 
Accumulator 
only 
2 


JNZ 
rei 
,lump if A 'I:- 0 
Accumulator 
only 
2 
DJNZ 
<byte> 
,rei 
Decrement 
and jump if not zero 
X 
X 
2 
CJNE A, <byte> 
,rei 
,lump if A 'I:- < byte> 
X 
X 
2 
CJNE 
<byte>, 
#data,rel 
Jump if < byte> 
'I:- # data 
X 
X 
2 


There is no Zero bit in the PSW. The JZ and JNZ 
instructions test the Accumulator data for that condi- 
tion. 


~ 


lites -51 


HWOS 
OR CHWOS 


XTAL2 
The DJNZ instruction (Decrement and Jump if Not 
Zero) is for loop control. To execute a loop N times, 
load a counter byte with N and terminate the loop with 
a DJNZ to the beginning of the loop, as shown below 
for N = 10: 


OUAR~ 
~~~~A~~c= 


RESONATOR 


MOY 
COUNTER, # 10 


LOOP: 
(begin loop) 
• 


(end loop) 
DJNZ 
COUNTER,LOOP 


(continue) 


~ 


tdCS-51 
HWOS 


OR CHWOS 


XTAl2 


The CJNE instruction (Compare and Jump if Not 
Equal) can also be used for loop centrol as in Figure 12. 
Two bytes are specified in the op'~randfield of the in- 
struction. The jump is executed only if the two bytes 
are not equal. In the example of Figure 12, the two 
bytes were the data in RI and !hI: constant 2AH. The 
initial data in RI was 2EH. Every time the loop was 
executed, RI was decremented, and the looping was to 
continue until the RI data reached 2AH. 


EXTERNAL 
CLOCK 
SIGNAL 


Another application of this instruction is in "greater 
than, less than" comparisons. The two bytes in the op- 
erand field are taken as unsigned integers. If the first is 
less than the second, then the Carry bit is set (I). If the 
first is greater than or equal to the second, then the 
Carry bit is cleared. 


EXTERNAL 


CLOCK 


SIGNAL 


~ 


lr.lCS-51 


HWOS 


ONLY 


~ 


"'CS-51 
CH"'OS 
ONLY 
All MCS-SI microcontrollers have an on-chip oscillator 
which can be used if desired as the clock source for the 
CPU. To use the on-chip oscillator. connect a crystal or 
ceramic resonator between the XTALI and XTAL2 
pins of the microcontroller, and capacitors to ground as 
shown in Figure 13. 


EXTERNAL 


CLOCK 
XTAll 


SIGNAL 


C. CHMOS Only 


Figure 14. Using an External 
Clock 


inter 


Examples of how to drive the clock with an external 
oscillator are shown in Figure 14. Note that in the 
HMOS devices (8051, etc.) the signal at the XTAL2 pin 
actually drives the internal clock generator. 
In the 


CHMOS devices (80C5IBH, 
etc.) the signal at the 


XTALl pin drives the internal clock generator. If only 
one pin is going to be driven with the external oscillator 
signal, make sure it is the right pin. 


The internal clock generator defines the sequence of 
states that make up the MCS-51 ma.;hine cycle. 


A machine cycle consists of a sequence of 6 states, 
numbered SI through S6. Each state time lasts for two 
oscillator periods. Thus a machine cycle takes 12 oscil- 
lator periods or I 
/ks if the oscillator frequency is 


12 MHz. 


Each state is divided into a Phase I half and a Phase 2 
half. Figure IS shows the fetch/execute 
sequences in 


I 
I 
I 
I 


[READ 
2ND BYTE.: .rREAD NEXT OPCODE. 
I 


54 I 
S5 I 
56 [==_-_-_~ 
I 


I 
I 
I 
I 


I 
I 
lk 


R 
EAD 
OPCODEREAD NEXT 
I 
R_E_A_D_N_E_XT 
OPCODE AGAIN. ~II 
I 
OPCODE 
(DISCARD). 
; ! 


- - ---- - - -I 
I 1 
; 
~-S3 
_154 
S5 I--:::IS6 
'-__-_-_-_-_ 
._ 
Sl 
S2 
53 
54 
S5 
56 I 
Sl 
S2 
~ 


I 
I 
I 


IC) 1-byte. 2-cycle instucHon. e.g., 1 NC DPTR. 


I 
I 
I 


READ NEXT OPCODE AGAIN. D 


. NO 


FETCH. 
NO FETCH. 
I 


~ 
!~OALE! 
I 
_ 


Sl I 
S2 I 
S3 
54 ~ 
_ 


I 
I 
I 


inter 


states and phases for various kind:; of instructions. Nor- 
mally two program fetches are generated during each 
machine cycle, even if the instruction being executed 
doesn't require it. If the instruction being executed 
doesn't need more code bytes, the CPU simply ignores 
the extra fetch, and the Program Counter is not incre- 
mented. 
.. 


Execution of a one-cycle instruction (Figure 15A and 
B) begins during State 1 of the machine cycle, when the 
opcode is latched into the Instruction Register. A sec- 
ond fetch occurs during S4 of the same machine cycle. 
Execution is complete at the end of State 6 of this ma- 
chine cycle. 


The MOVX instructions take two machine cycles to 
execute. No program fetch is gen,:rated during the sec- 
ond cycle of a MOVX instruction ..This is the only time 
program 
fetches are skipped. The fetch/execute 
se- 
quence for MOVX instructions 
is shown in Figure 
15(D). 


The fetch/execute sequences are the same whether the 
Program Memory is internal or external to the chip. 
Execution times do not depend on whether the Pro- 
gram Memory is internal or external. 


Figure 16shows the signals an~ timing involved in pro- 
gram fetches when the Program Memory is external. If 
Program Memo~xternal, 
then the Program Memo- 


ry read strobe PSEN is normally activated twice per 
machine cycle, as shown in Figure 16(A). 


If an access to external Data Memory occurs, as shown 
in Figure 16(B), two PSENs are skipped, because the 
address and data bus are being used for the Data Mem- 
ory access. 


Note that a Data Memory bus cycle takes twice as 
much time as a Program Memory bus cycle. Figure 16 
shows the relative timing of the addresses being emitted 
at Ports 0 and 2, and of ALE and PSEN. ALE is used 
to latch the low address byte from PO into the address 
latch. 


lONE 
MACHIN!: 
CYCLE -----r--0NE 
MACHINE 
CYCLEI 


I~I~I~I~I~I$I~I~I~IMI~IMI 


ALE--lL- 


I 
PSEN~ 
- 
I 


RO 
I 
I 
I 


~CYCLEl 
IS1IS2IS3IMI~ 


ALE~ 
I 
I 


PSEN ~-~-----------""':-L-.J 


RD 
: 
: 
I 
I 


I 
I 
P2 P~ 
: 
---O-P-H-O-U-T-O-R-P2-0-U-T--- 
: PCH OUT 


PO-~ ~ 


t.PCLOUT 


VALID 


I 


PO 
~I ~ 
I, 


t.PCLOUT 


VALID 


(A) 
WITHOUT 
A 
MOVX. 


I, 


t.PCL 
OUT 
VALID 


I 
I 


t.PCLOUT 
VALID 


(8) 
WITH A 
MOVX. 


When the CPU is executing from internal Program 
Memory, PSEN is not activated, and program address- 
es are not emitted. However, ALE continues to be acti- 
vated twice per machine cycle and so is available as a 
clock output signal. Note, however, that one ALE is 
skipped during the execution of the :MOVXinstruction. 


The 8051, 8051AH, and 80C5IBH, and their ROMless 
and EPROM versions, provide 5 itlterrupt sources: 2 
external interrupts, 2 timer interrupts, and the serial 
port interrupt. The 8052AH provides these 5 plus a 
sixth interrupt that is associated with the third timer/ 
counter which is present in this device. Additional in- 
terrupts are available on the 83C51FA and 83C152. 
Refer to the appropriate chapters on these devices for 
further information on their interrupts. 


What follows is an overview of the interrupt structure 
for these devices.More detailed information for specific 
members of the MCS-51family is provided in the chap- 
ters of this handbook that describe the specific devices. 


Each of the interrupt sources can be individually en- 
abled or disabled by setting or clearing a bit in the SFR 


(MSB) 
(lSB) 
IEA I-I ml ES IET1 IEX1 IETO IEXO I 


Symbol 
Position 
Function 


EA 
IE.? 
disables 
all interrupts. 
If EA ~ 
0, no 


interrupt 
will be acknowledged. 
If EA 
= 
1, 
each 
interrupt 
source 
is 


individually 
enabled 
or 
disabled 
by 


setting 
or clearing 
its enable 
bit. 


reserved 


enables 
or 
disables 
the 
Timer 
2 


overflow 
or capture 
interrupt. 
If ET2 
= 0, the Timer :1 interrupt 
is disabled. 


enables 
or disables 
the 
Serial 
Port 


interrupt. 
If ES 
~ 
0, the Serial 
Port 


interrupt 
is disahled. 


enables 
or 
di"ables 
the 
Timer 
1 


Overflow 
interrupt. 
If ET1 
~ 
0, the 


Timer 
1 interrupt 
is disabled. 


enables 
or disables 
External 
Interrupt 
1. If EX1 ~ 
0, !:xternal 
Interrupt 
1 is 


disabled. 


enables 
or 
diHables 
the 
Timer 
0 


Overflow 
interrupt. 
If ETO ~ 
0, the 


Timer ° interrupt 
is disabled. 


enables 
or disables 
External 
Interrupt 


-0. If EXO = 0, !:xternal 
Interrupt 
0 is 


disabled. 


1E.6 


ET2 
1E.5 


ES 
lEA 


ET1 
IE.3 


EX1 
1E.2 


ETO 
1E.1 


EXO 
IE.O 


Figure 17. IE (Interrupt 
Enable) 


Register 
in the 805:ZAH 


named IE (Interrupt Enable). This register also con- 
tains a global disable bit, which can be cleared to dis- 
able all interrupts at once. Figure 17shows the IE reg- 
ister for the 8052AH. 


Each interrupt source can also be individually pro- 
grammed to one of two priority levels by setting or 
clearing a bit in the SFR named IP (Interrupt Priority). 
Figure 18 shows the IP register in the 8052AH. 


A low-priority interrrupt can be interrupted by a high- 
priority interrupt, but not by another low-priority inter- 
rupt. A high-priority interrupt can't be interrupted by 
any other interrupt source. 


If two interrupt requests of different priority levels are 
received simultaneously, the request of higher priority 
levelis serviced,If interrupt requests of the same priori- 
ty level are received simultaneously, an internal polling 
sequence determines which request is serviced. Thus 
within each priority level there is a second priority 
structure determined by the polling sequence. 


Figure 19 shows, for the 8052AH, how the IE and IP 
registers and the polling sequence work to determine 
which if any interrupt will be serviced. 


(MSB) 
tSB) 
I-I -I 
PT2! 
PS IPT1 IPX1 ! PTO 
pxo I 


Symbol 
Position 
Function 


reserved 
reserved 


defines 
the Timer 
2 interrupt 
priority 


level. 
PT2 
~ 
1 programs 
it to 
the 


higher 
priority 
level. 


defines 
the 
Serial 
Port 
interrupt 


priority 
level. 
PS = 
1 programs 
it to 


the higher priority 
level. 


defines 
the Timer 
1 interrupt 
priority 


level. 
PT1 
~ 
1 programs 
it to 
the 


higher priority 
level. 


defines 
the 
External 
Interrupt 
1 


priority 
level. PX 1 = 1 programs 
it to 


the higher priority 
level. 


defines 
the Timer 
0 interrupt 
priority 


level. 
PTO ~ 
1 programs 
it to 
the 


higher 
priority 
level. 


defines 
the 
External 
Interrupt 
0 


priority 
level. PXO ~ 
1 programs 
it to 


the higher priority 
level. 


Figure 18. IP (Interrupt 
Priority) 


Register 
in the 8052AH 


inter 


~ 
I 
I 
I 
I 
~ 
I 
I 
I 
I 
~ 
I 
I 
I 
I 
0-0 


I 
I 
I 
I 
~ 
I 
I 
I 
I 
~ 
I 
I 


INTERRUPT 
POLLING 
SEQUENCE 


lOW 
PRIORITY 


INTERRUPT 


270251-17 


In operation, all the interrupt flag!:are latched into the 
interrupt control system during 5,tate 5 Of every ma- 
chine cycle. The samples are polled during the follow- 
ing machine cycle. If the flag for an enabled interrupt is 
found to be set (I), the interrupt system generates an 
LCALL to the appropriate location in Program Memo- 
ry, unless some other condition blocks the interrupt. 
Several conditions can block an inlterrupt, among them 
that an interrupt 
of equal or higher priority level is 


already in progress. 


The hardware-generated LCALL causes the contents of 
the Program Counter to be pushed onto the stack, and 
reloads the PC with the beginning address of the service 
routine. As previously noted (Figure 3), the service rou- 
tine for each interrupt begins at a fixed location. 


Only the Program 
Counter is automatically 
pushed 


onto the stack, not the PSW or any other register. Hav- 
ing only the PC be automatically saved allows the pro- 
grammer to decide how much time to spend savmg 
which other registers. This enhan~es the interrupt re- 
sponse time, albeit at the expense of increasing the pro- 
grammer's burden of responsibility. As a result, many 
interrupt functions that are typical in control applica- 
tions-toggling 
a port pin, for example, or reloading a 


timer, or unloading a serial buffer---<:anoften be com- 


pleted in less time than it takes other architectures to 
commence them. 


SIMULATING A THIRD PRIORITY lEVEL IN 
SOFTWARE 


Some applications require more than the two priority 
levels that 
are 
provided 
by on-chip 
hardware 
in 
MCS-51 devices. In these cases, relatively simple soft- 
ware can be written to produce the same effect as a 
third priority level. 


First, interrupts that are to have higher priority than I 
are assigned to priority I in the IP (Interrupt Priority) 
register. The service routines for priority I interrupts 
that are supposed to be interruptible by "priority 2" 
interrupts are written to include the following code: 


PUSH 
MOV 
CALL 


IE 
IE,#MASK 
LABEL 


POP 
IE 
RET 
LABEL: 
RETI 


As soon as any priority I interrupt is acknowledged, 
the IE (Interrupt Enable) register is re-defined so as to 
disable all but "priority 2" interrupt!,.Then, a CALL to 
LABEL executes the RETI instrm:tion, which clears 
the priority I interrupt-in-progress flip-flop. At this 
point any priority I interrupt that is enabled can be 
serviced, but only "priority 2" inter:ruptsare enabled. 


POPping IE restores the original enable byte. Then a 
normal RET (rather than another RETI) is used to 
terminate the service routine. The additional software 
adds 10 J.Ls(at 12 MHz) to priority I interrupts. 


Hardware U.escription of the 
6 
8051, 8052 ~lnd80e51 


inter 
HARDWARE 
DESCRIPTION 
OF TIHE 8051, 8052 AND 80C51 


This chapter presents a comprehensive description of 
the on-chip hardware features of tht: MCS@-51 micro- 
controllers. Included in this description are 
• The port drivers and how they function both as 
ports and, for Ports 0 and 2, in bus operations 


• The Timer/Counters 
• The Serial Interface 


• The Interrupt System 


• Reset 
• The Reduced Power Modes in the CHMOS devices 


• The EPROM 
versions of the S051AH, S052AH, 


and SOC51BH 


The devices under consideration are listed in Table I. 
As it becomes unwieldy to be constantly referring to 
each of these devices by their individual names, we will 
adopt a convention of referring to them generically as 
S051s and S052s, unless a specific member of the group 
is being referred to, in which case it will be specifically 
named. The "S05Is" include the S051, S051AH, and 
SOC51BH, and their ROMless and EPROM versions. 
The "S052s" are the S052AH, S032AH, and S752BH. 


Figure 1 shows a functional block diagram of the S051s 
and S052s. 


Tabh! 1. The MCS·51 Family of Mlcrocontrollers 


Device 
ROMless 
EPROM 
ROM 
RAM 
16·blt 
Ckt 


Name 
Version 
Version 
Bytes 
Bytes 
Timers 
Type 


8051 
8031 
(8751) 
4K 
128 
2 
HMOS 
8051AH 
8031AH 
8751H 
4K 
128 
2 
HMOS 
8052AH 
8032AH 
8752BH 
8K 
256 
3 
HMOS 
80C51BH 
80C31 BH 
87C51 
4K 
128 
2 
CHMOS 


Special Function Registers 
A map of the on-chip memory area called SFR (Special Function Register) space is shown in Figure 2. SFRs marked 
by parentheses are resident in the SC52sbut not in the S051s. 
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Figure 1. MCS·51 Architectural 
Block Diagram 
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(TH2) 


IP 
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SCON 
SBUF 
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TCON 
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PO 
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PCON 


Note that not all of the addresse!i are occupied. Unoc- 
cupied addresses are not implemented on the chip. 
Read accesses to these addresses will in general return 
random data, and write accesses will have no effect. 


User software should not write Is to these unimple- 
mented locations, since they may be used in future 
MCS-51 products to invoke new features. In that case 
the reset or inactive values of th(: new bits will always 
be 0, and their active values will be 1. 


ACC is the Accumulator register. The mnemonics for 
Accumulator-Specific 
instructions, 
however, refer to 
the Accumulator simply as A. 


B REGISTER 


The B register is used during multiply and divide oper- 
ations. For other instructions it ClIn be treated as anoth- 
er scratch pad register. 


The PSW register contains program status information 
as detailed in Figure 3. 


The Stack Pointer Register is 8 bits wide. It is incre- 
mented before data is stored during PUSH and CALL 
executions. While the stack may reside anywhere in on- 
chip RAM, the Stack Pointer is initialized to 07H after 
a reset. This causes the stack to begin at location 08H. 


DATA 
POINTER 


The Data Pointer 
(DPTR) 
consists of a high byte 
(DPH) and a low byte (DPL). Its intended function is 


to hold a 16-bit address. It may be manipulated as a 
16-bit register or as two independent 8-bit registers. 


PORTS 
0 TO 3 


PO, PI, P2 and P3 are the SFR latches of Ports 0, I, 2 
and 3, respectively. 


The Serial Data Buffer is actually two separate regis- 
ters, a transmit buffer and a receive buffer register. 
When data is moved to SBUF, it goes to the transmit 
buffer where it is held for serial transmission. (Moving 
a byte to SBUF is what initiates the transmission.) 
When data is moved from SBUF, it comes from the 
receive buffer. 


TIMER 
REGISTERS 


Register pairs (THO, TLO), (THI, 
TLl), 
and (TH2, 


TL2) are the 16-bit Counting registers for Timer/Coun- 
ters 0, I, and 2, respectively. 


CAPTURE 
REGISTERS 


The register pair (RCAP2H, 
RCAP2L) are the Cap- 


ture registers for the Timer 2 "Capture Mode." In this 
mode, in response to a transition at the 8052's T2EX 
pin, TH2 and TL2 are copied into RCAP2H 
and 


RCAP2L. Timer 2 also has a 16-bit auto-reload mode, 
and RCAP2H and RCAP2L.hold 
the reload value for 


this mode. More about Timer 2's features in a later 
section. 


CONTROL 
REGISTERS 


Special Function 
Registers IP, IE, TMOD, TCON, 


T2CON, SCON, and PCON contain control and status 
bits for the interrupt system, the Timer/Counters, 
and 


the serial port. They are described in later sections. 


Symbol 
Position 


CY 
PSW.7 


AC 
PSW.6 


FO 
PSW.5 


RS1 
PSW.4 


RSO 
PSW.3 


(MSB) 


CY 


Name 
llnd 
Significance 


Carry flag. 


Auxiliary 
Carry flag. 


(For BCD operations.) 


Flag 0 


(Available 
to the user for general 


purposes.) 


Register 
bank select 
control 
bits 1 & 


O. Set/cleared 
by software 
to 


determine 
working 
register 
bank (see 


Note). 


(LSB) 


P 
RSO 
OV 


Symbol 
Position 


OV 
PSW.2 


PSW.1 


P 
PSW.O 


Name 
and Significance 


Overflow 
flag. 


User definable 
flag. 


Parity flag. 


Set/ cleared 
by hardware 
each 


instruction 
cycle to indicate 
an odd! 


even number 
of "one" 
bits in the 


Accumulator, 
i.e., even parity. 


NOTE: 
The 
contents 
of (RS1, 
RSO) enable 
the working 
register 
banks 
as 


follows: 
(O.O)-Bank 
0 
(0.1 )-Bank 
1 
(1.0)-Bank 
2 
(1.1)-Bank 
3 


(00H-07H) 
(08H-OFH) 
(10H-17H) 
(18H-1FH) 


ADDA/DATA 
READ 


OOO'"'} 


LATCH 


POX 
INT. BUS 
PIN 
WRITE 


----1 
TO 
WRITE 
LATCH 
TO 
LATCH 


READ 


READ 
PIN 


PIN 


270252-2 
B. Port 
1 Bit 


A. Port 0 Bit 
ALTERNATE 


OUTPUT 
FUNCTION 
ADDR 


Vcc 
READ 


READ 
LATCH 


LATCH 


INT. BUS 


INT. BUS 
WRITE 
TO 
WAITE 
LATCH 
TO 
LATCH 


READ 
PIN 
ALTERNATE 
READ 
PIN 
INPUT 
FUNCTION 


270252-4 
C. Port 2 Bit 
D. Port 3 Bit 


Figure 
4. 8051 Port Bit Latches 
and 1/0 Buffers 
*:ieeFigure 5 for details of the internal pullup. 


PORT STRUCTURES 
ANI:~ 


OPERATION 


All four ports in the 8051 are bidin:ctional. Each con- 
sists of a latch (Special Function Registers PO through 
P3), an output driver, and an input butTer. 


The output drivers of Ports 0 and 2, and the input butT- 
ers of Port 0, are used in accesses to external memory. 
In this application, Port 0 outputs the low byte of the 


external memory address, time-multiplexed with the 
byte being written or read. Port 2 outputs the high byte 
of the external memory address when the address is 16 
bits wide. Otherwise the Port 2 pins continue to emit 
the P2 SFR content. 


All the Port 3 pins, and (in the 8052) two Port I pins 
are multifunctional. They are not only port pins, but 
also serve the functions of various special features as 
listed on the following page. 


inter 


Port Pin 
·P1.0 
AlternatE! Function 
T2 (Timer /Counter 
2 


external 
input) 
T2EX (Timer/Counter 
2 


Capture/I~eload 
trigger) 


AXD (serial input port) 
TXD (serial output port) 
INTO (ext'3rnal interrupt) 
INT1 (ext'3rnal interrupt) 
TO (Timer /Counter 
0 external 
input) 
T1 (Timer/Counter 
1 external 
input) 
WA (extemal 
Data Memory 


write strobe) 
AD (external 
Data Memory 
read strobe) 


P3.0 
P3.1 
P3.2 
P3.3 
P3.4 


·PI.O and PI. I serve these altern~lte functions only on 
the 8052. 


The alternate functions can only be:activated if the cor- 
responding bit latch in the port SFR contains a I. Oth- 
erwise the port pin is stuck at O. 


Figure 4 shows a functional diagram of a typical bit 
latch and I/O buffer in each of the four ports. The bit 
latch (one bit in the port's SFR) is represented as a 
Type D flip-flop, which will clock in a value from the 
internal bus in response to a "write to latch" signal 
from the CPU. The Q output of the flip-flop is placed 
on the internal bus in response to a "read latch" signal 
from the CPU. The level of the port pin itself is placed 
on the internal bus in response to a "read pin" signal 
from the CPU. Some instructions that read a port acti- 
vate the "read latch" signal, and others activate the 
"read pin" signal. More about that later. 


As shown in Figure 4, the output drivers of Ports 0 and 
2 are switchable to an internal ADDR and ADDR/ 
DATA bus by an internal CONTROL signal for use in 
external memory accesses. During external memory ac- 
cesses, the P2 SFR remains unchanged, but the POSFR 
gets Is written to it. 


Also shown in Figure 4, is that if a P3 bit latch contains 
a I, then the output level is controlled by the signal 
labeled "alternate output function." The actual P3.x 
pin level is always available to the pin's alternate input 
function, if any. 


Ports 1,2, and 3 have internal pullups. Port 0 has open 
drain outputs. Each I/O line can be independently used 
as an input or an output. (Ports 0 and 2 may not be 
used as general purpose I/O when being used as the 


ADDRIDATA 
BUS). To be used as an input, the port 


bit latch must contain a I, which turns off the output 
driver FET. Then, for Ports I, 2, and 3, the pin is 
pulled high by the internal pullup, but can be pulled 
low by an external source. 


Port 0 differs in not having internal pullups. The pullup 
FET in the POoutput driver (see Figure 4) is used only 
when the Port is emitting Is during external memory 
accesses. Otherwise the pullup FET is off. Consequent- 
ly PO lines that are being used as output port lines are 
open drain. Writing a I to the bit latch leaves both 
output FETs off, so the pin floats. In that condition it 
can be used a high-impedance input. 


Because Ports I, 2, and 3 have fixed internal pullups 
they are sometimes called "quasi-bidirectional" 
ports. 


When configured as inputs they pull high and will 
source current (IlL, in the data sheets) when externally 
pulled low. Port 0, on the other hand, is considered 
"true" bidirectional, because when configured as an in- 
put it floats. 


All the port latches in the 8051 have Is written to them 
by the reset function. If a 0 is subsequently written to a 
port latch, it can be reconfigured as an input by writing 
a I to it. 


In the execution of an instruction that changes the val- 
ue in a port latch, the new value arrives at the latch 
during S6P2 of the final cycle of the instruction. How- 
ever, port latches are in fact sampled by their output 
buffers only during Phase I of any clock period. (Dur- 
ing Phase 2 the output buffer holds the value it saw 
during the previous Phase I). Consequently, the new 
value in the port latch won't actually appear at the 
output pin until the next Phase I, which will be at SIPI 
of the next machine cycle. 


If the change requires a O-to-I transition in Port I, 2, or 
3, an additional pullup is turned on during SIPI and 
SIP2 of the cycle in which the transition occurs. This is 
done to increase the transition speed. The extra pullup 
can source about 100 times the current that the normal 
puUup can. It should be noted that the internal pullups 
are field-effect transistors, not linear resistors. The pull- 
up arrangements are shown in Figure 5. 


In HMOS versions of the 8051, the fixed part of the 
pullup is a depletion-mode 
transistor 
with the gate 


wired to the source. This transistor will allow the pin to 
source about 0.25 mA when shorted to ground. In 
paraUel with the fixed pullup is an enhancement-mode 
transistor, which is activated during SI whenever the 
port bit does a O-to-I transition. During this interval, if 
the port pin is shorted to ground, this extra transistor 
will allow the pin to source an additional 30 mA. 


inter 


A. HMOS C't)nflguratlon. The enhancement mode transistor 
Is turned on for 2 osc. periods after Q makes a 1-to-Otransition. 


B. CHMOS Configuration. 
pFET 1 is turned on for 2 osc. periods after Q 
makes a 1-to-Otrnnsitlon. During this time, pFET 1 also turns on pFET 3 
through the Inverter to form a latch which holds the 1. pFET 21s also on. 


Figure 5. Ports 1 AI,d 3 HMOS And CHMOS Internal Pullup Configurations. 
Port 2 Is Similar Except That It Holds The Strong Pullup On While Emitting 
1s That Are Address Bits. (See Text, "Accessing 
External Memory":) 


In the CHMOS versions, the pullup consists of three 
pFETs. It should be noted that an n-channel FET 
(nFEn 
is turned on when a logical I is applied to its 


gate, and is turned off when a logical 0 is applied to its 
gate. A p-channel FET (PFET) is the opposite: it is on 
when its gate sees a 0, and off when its gate sees a I. 


pFETI in Figure 5 is the transistor that is turned on for 
2 oscillator periods after a O-to-I transition in the port 
latch. While it's on, it turns on pFET3 (a weak pull- 
up), through the inverter. This inverter and pFET form 
a latch which hold the I. 


Note that if the pin is emitting a I, a negative glitch on 
the pin from some external source can turn off pFET3, 
causing the pin to go into a float state. pFET2 is a very 
weak pullup which is on whenever the nFET is off, in 
traditional CMOS style. It's only about '1'0 the strength 
of pFET3. Its function is to restore a I to the pin in the 
event the pin had a I and lost it to a glitch. 


Port Loading and Interfacing 


The output buffers of Ports I, 2, and 3 can each drive 4 
LS TTL inputs. These ports on HMOS versions can be 
driven in a normal manner by any TTL or NMOS cir- 
cuit. Both HMOS and CHMOS pins can be driven by 
open-collector and open-drain outputs, but note that 0- 
to-I transitions will not be fast. In the HMOS device, if 
the pin is driven by an open-collector output, a O-to-I 
transition will have to be driven by the relatively weak 
depletion mode FET in Figure 5(A). In the CHMOS 
device, an input 0 turns off pullup pFET3, leaving only 
the very weak pullup pFET2 to drive the transition. 


Port 0 output buffers can each drive 8 LS TTL inputs. 
They do, however, require external pullups to drive 
NMOS 
inputs, 
except 
when 
being 
used 
as 
the 


ADDRESS/DATA 
bus. 


inter 


Some instructions that read a port read the latch and 
others read the pin. Which ones do which? The instruc- 
tions that read the latch rather than the pin are the ones 
that read a value, possiblychange it, and then rewrite it 
to the latch. These are called "read-modify-write" in- 
structions. The instructions listed below are read-mod- 
ify-write instructions. When the destination operand is 
a port, or a port bit, these instructions read the latch 
rather than the pin: 
ANL 
(logical AND, e.g., ANL PI, A) 


ORL 
(logical OR, e.g., ORL P2, A) 


XRL 
(logical EX-OR, ·e.g.,XRL P3, A) 


JBC 
Gump if bit = I and clear bit, e.g., 
JBC PI.1, LABEL) 
(complement bit, e.g., CPL P3.0) 
(increment, e.g., I[NCP2) 
(decrement, e.g., DEC P2) 
(decrement and jump if not zero, e.g., 
DJNZ P3, LABEL) 
MOY, PX.Y, C (move carry bit to bit Y of Port X) 
CLR PX.Y 
(clear bit Y of Port X) 


SETB PX.Y 
(set bit Y of Port X) 


CPL 
INC 
DEC 
DJNZ 


It is not obvious that the last thr.eeinstructions in this 
list are read-modify-write instructions, but they are. 
They read the port byte, all 8 bits, modifythe addressed 
bit, then write the new byte back to the latch. 


The reason that read-modify-write instructions are di- 
rected to the latch rather than the pin is to avoid a 
possible misinterpretation of the voltage level at the 
pin. For example, a port bit might be used to drive the 
base of a transistor. When a 1 is written to the bit, the 
transistor is turned on. If the CPU then reads the same 
port bit at the pin rather than the latch, it will read the 
base voltage of the transistor and interpret it as a O. 
Reading the latch rather than the pin will return the 
correct value of I. 


Accessesto external memory are of two types: accesses 
to external Program Memory and accesses to external 
Data Memory. Accesses to extemal Program Memory 
use signal PSEN (program store: enable) as the read 
strobe. Accesses to external Data Memory use RD or 
WR (alternate functions ofP3.7 and P3.6) to strobe the 
memory. 


Fetches from external Program Memory always use a 
16-bit address. Accesses to external Data Memory can 
use either a 16-bit address (MOYX @DPTR) or an 
8-bit address (MOYX @Ri). 


Whenever a 16-bitaddress is used, the high byte of the 
address comes out on Port 2, where it is held for the 
duration of the read or write cycle. Note that the Port 2 
drivers use the strong pullups during the entire time 
that they are emitting address bits that are Is. This is 
during the execution of a MOYX @DPTR instruction. 
During this time the Port 2 latch (the SpecialFunction 
Register) does not have to contain 1s, and the contents 
of the Port 2 SFR are not modified. If the external 
memory cycle is not immediately followed by another 
external memory cycle, the undisturbed contents of the 
Port 2 SFR will reappear in the next cycle. 


If an 8-bit address is being used (MOYX @Ri), the 
contents of the Port 2 SFR remain at the Port 2 pins 
throughout the external memory cycle. This will facili- 
tate paging. 


In any case, the low byte of the address is time-multi- 
plexed with the data byte on Port O. The ADDR/ 
DATA signal drives both FETs in the Port 0 output 
buffers. Thus, in this application the Port 0 pins are not 
open-drain outputs, and do not require external pull- 
ups. Signal ALE (Address Latch Enable) should be 
used to capture the address byte into an external latch. 
The address byte is valid at the negative transition of 
ALE. Then, in a write cycle, the data byte to be written 
appears on Port 0 just before WR is activated, and re- 
mains there until after WR is deactivated. In a read 
cycle, the incoming byte is accepted at Port 0 just be- 
fore the read strobe is deactivated. 


During any access to external memory, the CPU writes 
OFFH to the Port 0 latch (the Special Function Regis- 
ter), thus obliterating whatever information the Port 0 
SFR may have been holding. 


External Program Memory is accessed under two con- 
ditions: 
1) Whenever signal EA is active; or 
2) Whenever the program counter (PC) contains a 


number that is larger than OFFFH (lFFFH for the 
8052). 


This requires that the ROMless versionshave EA wired 
low to enable the lower 4K (8K for the 8032) program 
bytes to be fetched from external memory. 


When the CPU is executing out of external Program 
Memory, all 8 bits of Port 2 are dedicated to an output 
function and may not be used for general purpose I/O. 
During external program fetches they output the high 
byte of the PC. During this time the Port 2 drivers use 
the strong pullups to emit PC bits that are 1s. 


The 8051has two 16-bitTimer/Counter registers:Tim- 
er 0 and Timer I. The 8052 has these two plus one 
more: Timer 2. All three can be configured to operate 
either as timers or event counters. 


In the "Timer" 
function, the register is incremented 
every machine cycle. Thus, one can t:ilinkof it as count- 
ing machine cycles. Since a machine Gycleconsists of 12 
oscillator periods, the count rate is '/'2 of the oscillator 
frequency. 


In the "Counter" function, the register is incremented 
in response to a I-to-O transition at its corresponding 
external input pin, TO, TI or (in the 8052) T2. In this 
function, the external input is sampled during S5P2 of 
every machine cycle. When the samples show a high in 
one cycle and a low in the next cycle, the count is incre- 
mented. The new count value appears in the register 
during S3PI of the cycle following the one in which the 
transition was detected. Since it take; 2 machine cycles 
(24 oscillator periods) to recognize a I-to-o transition, 
the maximum count rate is '/2' of the oscillator fre- 
quency. There are no restrictions on the duty cycle of 
the external input signal, but to ensure that a given 
level is sampled at least once before it changes. it 
should be held for at least one full machine cycle. 


In addition to the "Timer" 
or "Counter" 
selection, 


Timer 0 and Timer I have four operating modes from 
which to select. Timer 2, in the 8052, has three modes 
of operation: "Capture," 
"Auto-Reload" 
and "baud 


rate generator." 


These Timer/Counters 
are present in both the 8051 and 


the 8052. The "Timer" or "Counter" function is select- 
ed by control bits cif in the Special Function Register 
TMOD (Figure 6). These two Timer/Counters 
have 


four operating modes, which are selected by bit-pairs 
(MI, MO) in TMOD. Modes 0, I, and 2 are the same 
for both Timer/Counters. 
Mode 3 is different. The four 


operating modes are described in the following text. 


Putting either Timer into Mode 0 makes it look like an 
8048 Timer, which is an 8-bit Counter with a divide-by- 
32 presca1er. Figure 7 shows the Mode 0 operation as it 
applies to Timer I. 


In this mode, the Timer register is configured as a 
13-Bit register. As the count rolls over from allis to all 
Os, it sets the Timer interrupt flag TFI. The counted 
input is enabled to the Timer when TRI = I and either 
GATE = 0 or INTI = I. (Setting GATE = I allows 
the Timer to be controlled by external input INTI, to 
facilitate pulse width measurements.) TRI is a control 
bit in the Special Function Register TCON (Figure 8). 
GATE is in TMOD. 


The 13-Bit register consists of all 8 bits of TH I and the 
lower 5 bits of TLI. The upper 3 bits of TLI are inde- 
terminate and should be ignored. Setting the run flag 
(TR I) does not clear the registers. 


Mode 0 operation is the same for Timer 0 as for Timer 
I. Substitute TRO, TFO and INTO for the correspond- 
ing Timer I signals in Figure 7. There are two different 
GATE bits, one for Timer I (TMOD.7) and one for 
Timer 0 (TMOD.3). 


Mode I is the same as Mode 0, except that the Timer 
register is being run with all 16 bits. 


Mode 2 configures the Timer register as an 8-bit Coun- 
ter (TLI) with automatic reload, as shown in Figure 9. 
Overflow from TLi not only sets TFI, but also reloads 


(MSB) 
(LSB) 
l 
GATE 
c/f 
M1 
MO J 
GATE 
c/f 
M1 
MO J 
T 
T 
Timer 
1 
Timer 
0 


Gating 
control 
when set. Timer/Cclunter 
"x" 
is enabled 


only while 
"'NTx" 
pin is high and "TRx" 
control 
pin is 


set. When 
cleared 
Timer 
"x" 
is enabled 
whenever 


"TRx" 
control 
bit is set. 


Timer 
or Counter 
Selector 
cleared 
for Timer 
operation 


(input from internal 
system 
clock). 
Set for Counter 


operation 
(input from "Tx" 
input p"'). 


Operating Mode 


MCS-4S Timer 
"TLx" 
serves 
as S-bit prescaler. 


16-bit Timer/Counter 
"THx" 
and "TLx" 
are 


cascaded; 
there 
is no prescaler. 


S-bit auto-reload 
TImer/Counter 
"THx" 
holds a 


value which 
is to be reloaded 
into "TLx" 
each 


time it overflows. 


(Timer 
0) TLO is an S-bit Timer/Counter 


controlled 
by the standard 
Timer 
0 control 
bits. 


THO is an S-bit timer 
only controlled 
by Timer 
1 


control 
bits. 


(Timer 
1) Timer/Counter 
1 stopped. 


j'C/T~O 


_______ 
1' C/T ~ 1 


Tl 
PIN 
. 


(MSS) 
~I 
TRl 


(LSS) 


ITO 


Symbol 
Position 
Name 
and Significance 
Symbol 
Position 
Name 
and Significance 


TFl 
TCON.? 
Timer 
1 o·/erllow 
Flag. Set by 
IEl 
TCON.3 
Interrupt 
1 Edge flag. Set by hardware 
hardware 
on Timer/Counter 
overflow. 
when 
external 
interrupt 
edge 
Cleared 
by hardware 
when 
processor 
detected. 
Cleared 
when 
interrupt 
vectors 
te interrupt 
routine. 
processed. 


TRl 
TCON.6 
Timer 
1 Run control 
bit. Set/cleared 
ITl 
TCON.2 
Interrupt 
1 Type control 
bit. Set/ 
by software 
to turn Timer/Counter 
ani 
cleared 
by software 
to specify 
falling 
011. 
edgellow 
level triggered 
external 


TFO 
TCON.5 
Timer 
0 o/erllow 
Flag. Set by 
interrupts. 


hardware 
on Timer/Counter 
overflow. 
IEO 
TCON.l 
Interrupt 
0 Edge flag. Set by hardware 
Cleafed 
by hardware 
when 
processor 
when external 
interrupt 
edge 
vectors 
te interrupt 
routine. 
detected. 
Cleared 
when 
interrupt 


TRO 
TCON.4 
Timer 
0 Run control 
bit. Set/cleared 
processed. 


by software 
to turn Timer/Counter 
onl 
ITO 
TCON.O 
Interrupt 
0 Type control 
bit. Set/ 


011. 
cleared 
by software 
to specify 
falling 


edge/low 
level triggered 
external 


interrupts. 


TLI with the contents of THI, which is preset by soft- 
ware. The reload leaves THI unchanged. 


Figure 8.TCON: Timer/Counter 
Control 
Register 


elf, GATE, TRO, INTO, and TFO. THO is locked into 
a timer function (counting machine cycles) and takes 
over the use ofTRI 
and TFI from Timer I. Thus, THO 


now controls the "Timer I" interrupt. 


Mode 3 is provided for applications requiring an extra 
8-bit timer or counter. With Timer 0 in Mode 3, an 
8051 can look like it has three Timer/Counters, 
and an 


8052, like it has four. When Timer 0 is in Mode 3, 
Timer I can be turned on and off by switching it out of 
and into its own Mode 3, or can still be used by the 
serial port as a baud rate generator, or in fact, in any 
application not requiring an interrupt. 


Timer I in Mode 3 simply holds its count. The effect is 
the same as setting TRI = o. 


Timer 0 in Mode 3 establishes TLO and THO as two 
separate counters. The logic for Mode 3 on Timer 0 is 
shown in Figure 10. TLO uses the Timer 0 control bits: 
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Timer 
2 is a 16-bit Timer/Count~r 
which 
is present 


only in the 8052. Like Timers 0 and 1, it can operate 
either as a timer or as an event counter. This is selected 
by bit C/T2 
in the Special Function 
Register 
T2CON 


(Figure 
11). It has three operating 
modes: "capture," 


"auto-load" 
and "baud 
rate generator," 
which are se- 


lected by bits in T2CON 
as shown in Table 2. 


RCLK + TCLK CP/RL2 
TR2 
Mode 


0 
0 
1 
16-bit Auto-Reload 
0 
1 
1 
16-bit Capture 


1 
X 
1 
Baud Rate Generator 
X 
X 
0 
(off) 
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(MSB) 


TF2 
EXF2 


Symbol 
PositIon 


TF2 
T2CON.7 


EXF2 
T2CON.6 


RCLK 
T2CON.5 


TCLK 
T2CON.4 


EXEN2 
T2CON.3 


TR2 
T2CON.2 


C/T2 
T2CON.1 


CP/m 
T2CON.O 


(LSB) 


CP/m 


Name 
and SignIficance 


Timer 
2 overflow 
flag set by a Timer 
2 overflow 
and must be cleared 
by software. 


TF2 will not be set when 
either 
RCLK = 1 or TCLK 
= 1. 


Timer 
2 external 
flag set when 
either 
a capture 
or reload 
is caused 
by a negative 


transition 
on T2EX 
and EXEN2 = 1. When Timer 
2 interrupt 
is enabled, 
EXF2 = 1 


will cause the CPU to vector 
to the Timer 
2 interrupt 
routine. 
EXF2 must be 
cleared 
by software. 


Receive 
clock flag. When 
set, causes 
the serial port to use Timer 
2 overflow 


pulses 
for its receive 
clock 
in Modes 
1 and 3. RCLK = 0 causes 
Timer 
1 overflow 


to be used for the receive 
clock. 


Transmit 
clock 
flag. When 
set, causes 
the serial port to use TImer 2 overflow 


pulses 
for its transmit 
clock 
in modes 
1 and 3. TCLK = 0 causes 
Timer 
1 
overflows 
to be used for the transmit 
clock. 


Timer 
2 external 
enable 
flag. When 
set, allows 
a capture 
or reload 
to occur 
as a 


result of a negative 
transition- on T2EX 
if Timer 
2 is not being 
used to clock 
the 


serial port. EXEN2 = 0 causes 
Timer 
2 to ignore 
events 
at T2EX. 


Start/stop 
control 
for Timer 
2. A logic 1 starts the timer. 


Timer 
or counter 
select. 
(Timer 
2) 


0= 
Internal 
timer 
(OSC/12) 


1 ~ 
External 
event 
counter 
(falling 
edge triggered). 


Capture/Reload 
flag. When 
set, captures 
will occur 
on negative 
transitions 
at 


T2EX if EXEN2 = 1. When 
cleared, 
auto-reloads 
will occur 
either 
with Timer 
2 


overflows 
or negative 
transitions 
at T2EX when 
EXEN2 = 1. When 
either 
RCLK 
~ 
1 or TCLK 
~ 
1, this bit is ignored 
and the timer is forced 
to auto-reload 
on 
Timer 
2 overflow. 


In the Capture Mode there are two options which are 
selected by bit EXEN2 in nCON. 
If EXEN2 = 0, 
then Timer 2 is a 16-bit timer or counter which upon 
overflowing sets bit TF2, the Timer 2 overflow bit, 
which can be used to generate an interrupt. If EXEN2 
= I, then Timer 2 still does the above, but with the 
added feature that a I-to-O transition at external input 
T2EX causes the current value in the Timer 2 registers, 
TL2 and TH2, to be captured into registers RCAP2L 
and RCAP2H, respectively. (RCAP2L and RCAP2H 
are new Special Function Registers in the 8052.) In 
addition, the transition at T2EX <:ausesbit EXF2 in 
T2CON to be set, and EXF2, like TF2, can generate an 
interrupt. 


In the auto-reload mode there are again two options, 
which are selected by bit EXEN2 
in nCON. 
If 
EXEN2 = 0, then when Timer 2 rolls over it not only 
sets TF2 but also causes the Timer 2 registers to be 
reloaded with the 16-bit value in registers RCAP2L 
and RCAP2H, which are preset by 80ftware. If EXEN2 
= I, then Timer 2 still does the above, but with the 


added feature that a I-to-O transition at external input 
T2EX will also trigger the 16-bit reload and set EXF2. 


The baud rate generator mode is selected by RCLK = 
I and/or TCLK = 1. It will be described in conjunc- 
tion with the serial port. 


The serial port is full duplex, meaning it can transmit 
and receive simultaneously. It is also receive-buffered, 
meaning it can commence reception of a second byte 
before a previously received byte has been read from 
the receive register. (However, if the first byte still 
hasn't been read by the time reception of the second 
byte is complete, one of the bytes will be lost). The 
serial port receive and transmit registers are both ac- 
cessed at Special Function Register SBUF. Writing to 
SBUF loads the transmit register, and reading SBUF 
accesses a physically separate receive register. 
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~- 
L-..J 
L.-..J 
~ 
t em=1 


Mode 
0: Serial data 
enters 
and 
exits through 
RXD. 


TXD outputs 
the shift clock. 8 bits are transmitted/re- 


ceived: 8 data bits (LSB first). The baud rate is fixed at 
1/12 the oscillator 
frequency. 


Mode 1: 10 bits are transmitted 
(through 
TXD) or re- 


ceived (through 
RXD): a start bit (0), 8 data bits (LSB 


first), and a stop bit (1). On receivt:, the stop bit goes 
into 
RB8 
in Special 
Function 
Register 
SCaN. 
The 


baud rate is variable. 


Mode 2: 11 bits are transmitted 
(through 
TXD) 
or re- 


ceived (through 
RXD): a start bit (0), 8 data bits (LSB 


first), a programmable 
9th data bit, and a stop bit (1). 


On Transmit, 
the 9th data bit (TB8 in SCaN) 
can be 


assigned the value of 0 or 1. Or, for example, the parity 
bit (P, in the PSW) could be moved into TB8. On re- 
ceive, the 9th data bit goes into RB8 in Special Functon 
Register SCaN, 
while the stop bit is ignored. The baud 


rate is programmable 
to either '/32 0 r '/64 the oscillator 


frequency. 


Mode 3: 11 bits are transmitted 
(through 
TXD) or re- 


ceived (through 
RXD): a start bit (0), 8 data bits (LSB 


first), a programmable 
9th data bit and a stop bit (1). In 


fact, Mode 
3 is the same as Mode 
2 in all respects 


except the baud rate. The baud rate in Mode 3 is vari- 
able. 


In all four modes, transmission 
is initiated 
by any in- 


struction 
that uses SBUF as a destination 
register. Re- 


ception is initiated 
in Mode 0 by the condition 
RI = 0 


and 
REN 
= 
I. Reception 
is initiated 
in the 
other 


modes by the incoming start bit if REN 
= 1. 


Modes 2 and 3 have a special provision 
for multipro- 
cessor communications. 
In these modes, 9 data bits are 


received. 
The 9th one goes into RB8. Then 
comes a 
stop bit. The port can be programmed 
such that when 
the stop bit is received, the serial port interrupt 
will be 
activated 
only if RB8 = 
1. This feature is enabled by 
setting bit SM2 in SCaN. 
A way to use this feature in 
multiprocessor 
systems is as follows. 


When the master processor wants to transmit 
a block of 
data to one of several slaves, it first sends out an ad- 
dress byte which identifies the target slave. An address 
byte differs from a data byte in that the 9th bit is 1 in an 
address byte and 0 in a data byte. With SM2 = 1, no 
slave will be interrupted 
by a data byte. An address 
byte, 
however, 
will interrupt 
all slaves, so that 
each 
slave can examine the received byte and see if it is being 
addressed. 
The addressed 
slave will clear its SM2 bit 
and prepare to receive the data bytes that will be com- 
ing. The slaves that weren't 
being addressed 
leave their 
SM2s set and go on about their business, ignoring 
the 
coming data bytes. 


SM2 has no effect in Mode 0, and in Mode 
1 can be 


used to check the validity of the stop bit. In a Mode 1 
reception, if SM2 = 1, the receive interrupt 
will not be 
activated 
unless a valid stop bit is received. 


The serial port control and status register is the Special 
Function 
Register 
SCaN, 
shown 
in Figure 
14. This 
register contains 
not only the mode selection bits, but 
also the 9th data bit for transmit 
and receive (TB8 and 
RB8), and the serial port interrupt 
bits (TI and RI). 
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12 PIN 
• 


(MSB) 


~O 
I 
SM1 


(LSB) 


AI 


SMO 
SM1 


o 
0 
o 
1 
1 
0 


Mode 


o 
1 
2 


• 
TB8 
is the 9th data bit that will be 


transmitted 
in Modes 
2 and 3. Set or 


clear by software 
as desired. 


• 
AB8 
in Modes 
2 and 3, is the 9th data bit 


that was received. 
In Mode 
1, if SM2 


~ 0, AB8 is the stop bit that was 


received. 
In Mode 
0, AB8 is not used. 


• 
TI 
is transmit 
interrupt 
flag. Set by 


hardware 
at the end 01 the 8th bit time 


in Mode 0, or at the beginning 
01 the 


stop bit in the other 
modes, 
in any 


serial transmission. 
Must be cleared 


by software. 


• 
AI 
is receive 
interrupt 
Ilag. Set by 


hardware 
at the end 01 the 8th bit time 


in Mode 
0, or halfway 
through 
the stop 


bit time in the other modes, 
in any 


serial reception 
(except 
see SM2). 


Must be cleared 
by software. 


Baud 
Aate 
losel12 
variable 
lose/64 
or 


losel32 
9·bit UAFIT variable 


Description 


shift regiHter 


8-bit UAI~T 


9-bitUAIH 


enables 
the multiprocessor 


communication feature in Modes 
2 and 3. In Mode 2 or 3, if SM2 is 
set to 1 then AI will not be 
activated 
il the recElived 9th data 
bit (AB8) 
is O. In Mcode 1, il SM2 


= 1 then AI will no' be activated 
il a valid stop bit wa s not 
received. 
In Mode 0, SM2 should 
beO. 


enables 
serial reception. 
Set by 


software 
to enable 
·eception. 


Clear by software 
to disable 


reception. 


2SMOD 
Mode 2 Baud Rate=~X(Oscillator 
Frequency) 


Oscillator Frequency 
Mode 0 Baud Rate = 
12 


The baud rate in Mode 2 depend!;on the value of bit 
SMOD in Special Function Register peON. If SMOD 
= 0 (which is the value on reset), the baud rate '/64 the 
oscillator frequency. If SMOD 
I, the baud rate is 


'/32 the oscillator frequency. 


In the 8051,the baud rates in Modes 1 and 3 are deter- 
mined by the .Timer 1 overflow rate. In the 8052, these 
baud rates can be determined by Timer 1, or by Timer 
2, or by both (one for transmit and the other for re- 
ceive). 
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When Timer 1 is used as the baud rate generator, the 
baud rates in Modes 1 and 3 are determined by the 
Timer 1 overflow rate and the value of SMOD as fol- 
lows: 


Modes 1,3 
2SMOD 
Baud Rate = --- 
X (Timer 1 Overflow Rate) 
32 


The Timer 1 interrupt should be disabled in this appli- 
cation. The Timer itself can be con.figured for either 
"timer" 
or "counter" 
operation, and in any of its 3 


running modes. In the most typical applications, it is 
configured for "timer" 
operation, in the auto-reload 


mode (high nibble of TMOD = 00lOB). In that case, 
the baud rate is given by the formula 


Modes I, 3 
2SMOD 
Oscillator Frequency 


Baud Rate = --- 
X ------- 
32 
12x [256 - (THI)] 


One can achieve very low baud rates with Timer I by 
leaving the Timer 1 interrupt enabled, and configuring 
the Timer to run as a 16-bit timer (high nibble of 
TMOD = 000lB), and using the Timer 1 interrupt to 
do a 16-bit software reload. 


Figure 15 lists various commonly used baud rates and 
how they can be obtained from Timer I. 


Timer 1 


Baud Rate 
fose 
SMOD 
Reload 
elf 
Mode 
Value 


Mode 0 Max: 1 MHZ 
12 MHZ 
X 
X 
X 
X 


Mode 2 Max: 375K 
12 MHZ 
1 
X 
X 
X 


Modes 1, 3: 62.5K 
12 MHZ 
1 
0 
2 
FFH 


19.2K 
11.059 MHZ 
1 
0 
2 
FDH 


9.6K 
11.059 MHZ 
0 
0 
2 
FDH 


4.8K 
11.059 MHZ 
0 
0 
2 
FAH 
2.4K 
11.059 MHZ 
0 
0 
2 
F4H 
1.2K 
11.059 MHZ 
0 
0 
2 
E8H 


137.5K 
11.986 MHZ 
0 
0 
2 
1DH 


110K 
6MHZ 
0 
0 
2 
72H 


110K 
12 MHZ 
0 
0 
1 
FEEBH 


In the 8052, Timer 2 is selected as the baud rate genera- 
tor by setting TCLK and/or RCLK in nCON 
(Figure 


~ 


TE'08C'FF;EO 
tS DIVIDED IIY2,HOT 
12 


osc 
+2 


CtT2=O 


T2PIH 
t CIT2=1 


11). Note then the baud rates for transmit and receive 
can be simultaneously different. Setting RCLK and/or 
TCLK puts Timer 2 into its baud rate generator mode, 
as shown in Figure 16. 
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Figure 16. Timer 21n Baud Rate Generator 
Mode 
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The baud rate generator mode is similar to the auto-re- 
load mode, in that a rollover in TH2 causes the Timer 2 
registers to be reloaded with the Hi-bit value in registers 
RCAP2H and RCAP2L, which are preset by software. 


Now, the baud rates in Modes I and 3 are determined 
by Timer 2's overflow rate as follows: 


Timer 2 Overflow Rate 
Modes I, 3 Baud Rate = ---.------ 


16 


The Timer can be configured for either "timer" 
or 


"counter" operation. In the most typical applications, it 
is configured for "timer" operation (C1T2 = 0). "Tim- 
er" operation is a little different for Timer 2 when it's 
being used as a baud rate generator. Normally, as a 
timer it would increment every machine cycle (thus at 
1"2 the oscillator frequency). As a baud rate generator, 
however, it increments every state: time (thus at '/2 the 
oscillator frequency). In that case the baud rate is given 
by the formula 


Modes I, 3 
Oscillator Frequency 
Baud Rate = --------------- 
32x [65536 - (RCAP2H, RCAP2L») 


where 
(RCAP2H, 
RCAP2L) 
is 
the 
content 
of 
RCAP2H and RCAP2l, taken as a 16-bit unsigned in- 
teger. 


Timer 2 as a baud rate generator is shown in Figure 16. 
This Figure is valid only if RCLK + TCLK 
= I in 


T2CON. Note that a rollover in TH2 does not set TF2, 
and will not generate an interrupt. Therefore, the Timer 
2 interrupt does not have to be disabled when Timer 2 
is in the baud rate generator mode. Note too, that if 
EXEN2 is set, a I-to-O transition in T2EX will set 
EXF2 but will not cause a reload from (RCAP2H, 
RCAP2L) to (TH2, TL2). Thus when Timer 2 is in use 
as a baud rate generator, T2EX can be used as an extra 
external interrupt, if desired. 


It should be noted that when Timer 2 is running (TR2 
= I) in "timer" function in the baud rate generator 
mode, one should not try to read or write TH2 or TL2. 
Under these conditions the Timer is being incremented 
every state time, and the results of a read or write may 
not be accurate. The RCAP registers may be read, but 
shouldn't be written to, because a write might overlap a 
reload and cause write and/or reload errors. Turn the 
Timer off (clear TR2) before accessing the Timer 2 or 
RCAP registers, in this case. 


Serial data enters and exits through RXD. TXD out- 
puts the shift clock. 8 bits are transmitted/received: 
8 


data bits (LSB first). The baud rate is fixed at '/'2 the 
oscillator frequency. 


Figure 17 shows a simplified functional diagram of the 
serial port in Mode 0, and associated timing. 


Transmission is initiated by any instruction that uses 
SBUF as a destination register. The "write to SBUF" 
signal at S6P2 also loads a I into the 9th position of the 
transmit shift register and tells the TX Control block to 
commence a transmission. The internal timing is such 
that one full machine cycle will elapse between "write 
to SBUF," and activation of SEND. 


SEND enables the output of the shift register to the 
alternate output function line of P3.0, and also enables 
SHIFT CLOCK to the alternate output function line of 
P3.1. SHIFT CLOCK is low during S3, S4, and S5 of 
every machine cycle, and high during S6, SI and S2. At 
S6P2 of every machine cycle in which SEND is active, 
the contents of the transmit shift register are shifted to 
the right one position. 


As data bits shift out to the right, zeroes come in from 
the left. When the MSB of the data byte is at the output 
position of the shift register, then the I that was initial- 
ly loaded into the 9th position, is just to the left of the 
MSB, and all positions to the left of that contain zeroes. 
This condition flags the TX Control block to do one 
last shift and then deactivate SEND and set n. Both of 
these actions occur at SIPI of the 10th machine cycle 
after "write to SBUF." 


Reception is initiated by the condition REN = I and 
RI 
= O. At S6P2 of the next machine cycle, the RX 


Control unit writes the bits II I II I 10 to the receive 
shift register, and in the next clock phase activates RE- 
CEIVE. 


RECEIVE 
enables SHIFT CLOCK to the alternate 


output function line of P3.1. SHIFT CLOCK makes 
transitions at S3PI and S6PI of every machine cycle. 
At S6P2 of every machine cycle in which RECEIVE is 
active, the contents of the receive shift register are shift- 
ed to the left one position. The value that comes in 
from the right is the value that was sampled at the P3.0 
pin at S5P2 of the same machine cycle. 


As data bits come in from the right, Is shift out to the 
left. When the 0 that was initially loaded into the right- 
most position arrives at the leftmost position in the shift 
register, it flags the RX Control block to do one last 
shift and load SBUF. At SIPI 
of the 10th machine 
cycle after the write to SCaN 
that cleared RI, RE- 
CEIVE is cleared and RI is set. 


More About Mode 1 
Ten bits are transmitted (through TXD), or received 
(through RXD): a start bit (0), 8 data bits (LSB first), 
and a stop bit (l). On receive, the stop bit goes into 
RB8 in SCaN. In the 8051 the baud rate is determined 
by the Timer I overflow rate. In the 8052 it is deter- 
mined either by the Timer I overflow rate, or the Timer 
2 overflow rate, or both (one for transmit and the other 
for receive). 


Figure 18 shows a simplified functional diagram of the 
serial port in Mode I, and associated timings for trans- 
mit receive. 
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Transmission 
is initiated 
by any instruction 
that 
uses 


SBUF as a destination 
register. The "write 
to SBUF" 


signal also loads a I into the 9tl-. bit position 
of the 


transmit 
shift register 
and flags the TX Control 
unit 


that a transmission 
is requested. 
Transmission 
actually 


commences 
at SIPI 
of the machine cycle following the 


next rollover in the divide-by-16 counter. (Thus, the bit 


times are synchronized 
to the divide-by-16 counter, 
not 
to the "write to SBUF" 
signal). 


The 
transmission 
begins 
with 
activation 
of SEND, 
which 
puts the start 
bit at TXD. 
One bit time later, 


DATA 
is activated, 
which enables the output bit of the 
transmit 
shift register to TXD. The first shift pulse oc- 
curs one bit time after that. 
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As data bits shift out to the right, zeroes are clocked in 
from the left. When the MSB of the data byte is at the 
output position of the shift register, then the 1 that was 
initially loaded into the 9th position isjust to the left of 
the MSB, and all positions to the left of that contain 
zeroes. This condition flags the TX Control unit to do 
one last shift and then deactivate SIiND and set TI. 
This occurs at the 10th divide-by-:l6 rollover after 
"write to SBUF." 


Reception is initiated by a detected I-to-Otransition at 
RXD. For this purpose RXD is sampled at a rate of 16 
times whatever baud rate has been est~blished.When a 
transition is detected, the divide-by-16counter is imme- 
diately reset, and IFFH is written into the input shift 
register. Resetting the divide-by-16 counter aligns its 
rollovers with the boundaries of the in~omingbit times. 


The 16 states of the counter divide e,~chbit time into 
16ths.At the 7th, 8th, and 9th counter states of each bit 
time, the bit detector samples the value of RXD. The 
value accepted is the value that was seen in at least 2 of 
the 3 samples. This is done for noise rejection. If the 
value accepted during the first bit time is not 0, the 
receivecircuits are reset and the unit goesback to look- 
ing for another I-to-Otransition. This is to provide re- 
jection of false start bits. If the start bit proves valid, it 
is shifted into the input shift register, and reception of 
the rest of the frame will proceed. 


As data bits come in from the right, Is shift out to the 
left. When the start bit arrives at the leftmost position 
in the shift register, (which in mode :Iis a 9-bit regis- 
ter), it flags the RX Control block to do one last shift, 
load SBUF and RB8, and set RI. The signal to load 
SBUF and RB8, and to set RI, will be generated if, and 
only if, the followingconditions are m,~tat the time the 
final shift pulse is generated. 


1) RI = 0, and 
2) Either 5M2 = 0, or the received 
stop bit = 1 


If either of these two conditions is not met, the received 
frame is irretrievably lost. If both conditions are met, 
the stop bit goes into RB8, the 8 data bits go into 
SBUF, and RI is activated. At this time, whether the 
above conditions are met or not, the unit goes back to 
looking for a I-to-Otransition in RXD. 


Eleven bits are transmitted (through TXD), or received 
(through RXD): a start bit (0), 8 data bits (LSB first), a 
programmable 9th data bit, and a stop bit (1). On trans- 


mit, the 9th data bit (TB8) can be assigned the value of 
o or I. On receive, the 9th data bit goes into RB8 in 
SCON. The baud rate is programmable to either '/.2 or 
'/64 the oscillator frequency in Mode 2. Mode 3 may 
have a variable baud rate generated from either Timer 1 
or 2 depending on the state of TCLK and RCLK. 


Figures 19 and 20 show a functional diagram of the 
serial port in Modes 2 and 3. The receive portion is 
exactly the same as in Mode 1. The transmit portion 
differs from Mode 1 only in the 9th bit of the transmit 
shift register. 


Transmission is initiated by any instruction that uses 
SBUF as a destination register. The "write to SBUF" 
signal also loads TB8 into the 9th bit position of the 
transmit shift register and flags the TX Control unit 
that a transmission is requested. Transmission com- 
mences at SIPI of the machine cycle followingthe next 
rollover in the divide-by-16 counter. (Thus, the bit 
times are synchronized to the divide-by-16counter, not 
to the "write to SBUF" signal.) 


The transmission begins with activation of SEND, 
which puts the start bit at TXD. One bit time later, 
DATA is activated, which enables the output bit of the 
transmit shift register to TXD. The frrst shift pulse oc- 
curs one bit time after that. The first shift clocks a I 
(the stop bit) into the 9th bit position of the shift regis- 
ter. Thereafter, only zeroes are clocked in. Thus, as 
data bits shift out to the right, zeroes are clocked in 
from the left. When TB8 is at the output position of the 
shift register, then the stop bit isjust to the left of TB8, 
and all positions to the left of that contain zeroes. This 
condition flags the TX Control unit to do one last shift 
and then deactivate SEND and set TI. This occurs at 
the 11th divide-by-16rollover after "write to SBUF." 


Reception is initiated by a detected I-to-Otransition at 
RXD. For this purpose RXD is sampled at a rate of 16 
times whatever baud rate has been established. When a 
transition is detected, the divide-by-16counter is imme- 
diately reset, and IFFH is written to the input shift 
register. 


At the 7th, 8th and 9th counter states of each bit time, 
the bit detector samples the value of RXD. The value 
accepted is the value that was seen in at least 2 of the 3 
samples. If the value accepted during the first bit time 
is not 0, the receive circuits are reset and the unit goes 
back to looking for another I-to-O transition. If the 
start bit proves valid, it is shifted into the input shift 
register, and reception of the rest of the frame will pro- 
ceed. 
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As data bits come in from the rignt, Is shift out to the 
left. When the start bit arrives at the leftmost position 
in the shift register (which in Modes 2 and 3 is a 9-bit 
register), it flags the RX Control block to do one last 
shift, load SBUF and RB8, and ,;et RI. The signal to 
load SBUF and RB8, and to set RI, will be generated if, 
and only if, the following conditions are met at the time 
the final shift pulse is generated: 


1) AI = 0, and 
2) Either8M2 = 0 or the received 9th data bit = 1 


If either of these conditions is not met, the received 
frame is irretrievably lost, and RI is not set. If both 
conditions are met, the received 9th data bit goes into 
RB8, and the first 8 data bits go into SBUF. One bit 
time later, whether the above conditions were met or 
not, the unit goes back to looking for a l-to-O transition 
at the RXD input. 


Note that the value of the received stop bit is irrelevant 
to SBUF, RB8, or RI. 


The 8051 provides 5 interrupt sources. The 8052 pro- 
vides 6. These are shown in Figure 21. 


The External Interrupts INTO and INTI can each be 
either level-activated or transition ..activated, depending 
on bits ITO and IT! in Register ICON. The flags that 
actually generate these interrupts are bits IEO and lEI 
in TCON. When an external inter:rupt is generated, the 
flag that generated it is cleared by the hardware when 
the service routine is vectored to only if the interrupt 


was transition-activated. If the interrupt was level-acti- 
vated, then the external requesting source is what con- 
trols the request flag, rather than the on-chip hardware. 


The Timer 0 and Timer 1 Interrupts are generated by 
TFO and TFl, which are set by a rollover in their re- 
spective Timer/Counter 
registers (except see Timer 0 in 


Mode 3). When a timer interrupt is generated, the flag 
that generated it is cleared by the on-chip hardware 
when the service routine is vectored to. 


The Serial Port Interrupt is generated by the logical OR 
of RI and TI. Neither of these flags is cleared by hard- 
ware when the service routine is vectored to. In fact, 
the service routine will normally have to determine 
whether it was RI or TI that generated the interrupt, 
and the bit will have to be cleared in software. 


In the 8052, the Timer 2 Interrupt is generated by the 
logical OR of TF2 and EXF2. Neither of these flags is 
cleared by hardware when the service routine is vec- 
tored to. In fact, the service routine may have to deter- 
mine whether it was TF2 or EXF2 that generated the 
interrupt, and the bit will have to be cleared in soft- 
ware. 


All of the bits that generate interrupts can be set or 
cleared by software, with the same result as though it 
had been set or cleared by hardware. That is, interrupts 
can be generated or pending interrupts can be canceled 
in software. 


(MSS) 
(LSS) 


I EA I - Iml 
ES I ET1 I EX1 I ETa I EXO I 


Function 


disables 
all interrupts. 
If EA ~ O. no 


interrupt 
will be acknowledged. 
If EA 
~ 
1, each interrupt 
source 
is 


individually 
enabled 
or disabled 
by 


setting 
or clearing 
its enable 
bit. 


reserved. 


enabies 
or disables 
the Timer 
2 


Overflow 
or capture 
interrupt. 
If ET2 


~ 0, the Timer 
2 interrupt 
is disabled. 


enables 
or disables 
the Serial 
Port 


interrupt. 
If ES ~ 0, the Serial 
Port 


interrupt 
is disabled. 


enabies 
or disables 
the Timer 
1 


Overflow 
interrupt. 
If ET1 
~ 
0, the 


Timer 
1 interrupt 
is disabled. 


enables 
or disables 
Ex1ernallnterrupt 


1. If EX1 = 0, Ex1ernallnterrupt 
1 is 


disabled. 


enables 
or disables 
the Timer 
0 


Overflow 
interrupt. 
If ETO ~ 
0, the 


Timer 
0 interrupt 
is disabled. 


enables 
or disables 
Ex1ernallnterrupt 


O. If EXO = 0, Ex1ernallnterrupt 
0 is 


disabled. 


User sof1ware 
should 
never write 
1s to un implemented 
bits, 


since they may be used in future 
MCS-51 
products. 


1E.6 


ET2 
1E.5 


ES 
lEA 


ET1 
1E.3 


EX1 
IE.2 


ETO 
1E.1 


EXO 
IE.O 


inter 


Each of these interrupt sources can be individually en- 
abled or disabled by setting or clearing a bit in Special 
Function Register IE (Figure 22). IE contains also a 
global disable bit, EA, which disables all interrupts at 
once. 


Note in Figure 23 that bit position IE.6 is unimple- 
mented. In the 8051s, bit position IR5 is also unimple- 
mented. User software should not write Is to these bit 
positions, since they may be used in future MCS-51 
products. 


Each interrupt 
source can also bt~ individually pro- 


grammed to one of two priority levels by setting or 
clearing a bit in Special Function Register IP (Figure 
23). A low-priority interrupt can itself be interrupted 
by a high-priority interrupt, but not by another low-pri- 
ority interrupt. A high-priority interrupt can't be inter- 
rupted by any other interrupt source. 


(MSB) 
(LSB) 


I - I - I PT21 
PS I PT1 I PXI I PTO I pxo I 


Symbol 
Position 
Function 


IP.? 
reserved 


IP.6 
reserved 


PT2 
IP.5 
defines 
the Time-r 2 interrupt 
priority 


level. PT2 ~ 
1 programs 
it to the 


higher 
priority 
le'lei. 


PS 
IP.4 
defines 
the Serial 
Port interrupt 
priority 


level. PS = 1 programs 
it to the 


higher 
priority 
level. 


PTl 
IP.3 
defines 
the Timer 
1 interrupt 
priority 


level. PTl 
~ 
1 programs 
it to the 


higher 
priority 
level. 


PTO 
'P.l 
defines 
the Timer 
0 interrupt 
priority 


level. PTO ~ 
1 programs 
it to the 


higher 
priority 
level. 


PXO 
IP.O 
defines 
the External 
Interrupt 
0 priority 


level. PXO = 1 programs 
it to the 


higher 
priority 
level. 


User software 
should 
never write 
1s to unimplemented 
bits. 


since they may be used in future 
MCS-51 
pr:>ducts. 


If two requests of different priority levels are received 
simultaneously, the request of higher priority level is 
serviced. If requests of the same priority level are re- 
ceived simultaneously, an internal polling sequence de- 
termines which request is serviced. Thus within each 
priority level there is a second priority structure deter- 
mined by the polling sequence, as follows: 


Source 
IEO 
TFO 
IE1 
TF1 
RI +TI 
TF2 + EXF2 


Priority 
Within Level 


(highest) 


Note that the "priority within level" structure is only 
used to resolve simultaneous 
requests of the same priori- 


ty level. 


The IP register contains a number of unimplemented 
bits. IP.7 and IP.6 are vacant in the 8052s, and in the 
8051s these and IP.5 are vacant. User software should 
not write Is to these bit positions, since they may be 
used in future MCS-51 products. 


The interrupt flags are sampled at S5P2 of every ma- 
chine cycle. The samples are polled during the follow- 
ing machine cycle. If one of the flags was in a set condi- 
tion at S5P2 of the preceding cycle, the polling cycle 
will find it and the interrupt system will generate an 
LCALL to the appropriate 
service routine, provided 


this hardware-generated LCALL is not blocked by any 
of the following conditions: 
I. An interrupt of equal or higher priority level is al- 


ready in progress. 


2. The current (polling) cycle is not the final cycle in 


the execution of the instruction in progress. 


3. The instruction in progress is RETI or any write to 


the IE or IP registers. 


Any of these three conditions will block the generation 
of the LCALL to the interrupt service routine. Condi- 
tion 2 ensures that the instruction in progress will be 
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completed before vectoring to any serviceroutine. Con- 
dition 3 ensures that if the instruction in progress is 
RETI or any access to IE or IP, then at least one more 
instruction will be executed before any interrupt is vec- 
tored to. 


The polling cycle is repeated with each machine cycle, 
and the values polled are the values that were present at 
S5P2 of the previous machine cycle. Note then that if 
an interrupt flag is activebut not being responded to for 
one of the above conditions, if the flag is not still active 
when the blocking condition is removed, the denied in- 
terrupt will not be serviced. In other words, the fact 
that the interrupt flag was once active but not serviced 
is not remembered. Every polling ,;ycle is new. 


The polling cycle/LCALL sequence is illustrated in 
Figure 24. 


Note that if an interrupt of higher priority level goes 
active prior to S5P2 of the machin.: cycle labeled C3 in 
Figure 24, then in accordance with the above rules it 
will be vectored to during C5 and C6, without any in- 
struction of the lower priority routine having been exe- 
cuted. 


Thus the processor acknowledges In interrupt request 
by executing a hardware-generated LCALL to the ap- 
propriate servicing routine. In some cases it also clears 
the flag that generated the interrupt, and in other cases 
it doesn't. It never clears the Serial Port or Timer 2 
flags. This has to be done in the user's software. It 
clears an external interrupt flag (lEO or IE 1) only if it 
was 
transition-activated. 
The 
hardware-generated 
LCALL pushes the contents of the Program Counter 
onto the stack (but it does not save the PSW) and re- 
loads the PC with an address that depends on the 
source of the interrupt being vectored to, as shown be- 
low. 


Vector 


J'ddress 
0003H 
OOOBH 
0013H 
001BH 
0023H 
002BH 


IEO 
TFO 
IE1 
TF1 
RI + TI 
TF2 + EXF2 


Execution proceeds from that location until the RETI 
instruction is encountered. The RETI instruction in- 
forms the processor that this interrupt routine is no 
longer in progress, then pops the top two bytes from the 
stack and reloads the Program Counter. Execution of 
the interrupted program continues from where it left 
off. 


Note that a simple RET instruction would also have 
returned execution to the interrupt'~ program, but it 
would have left the interrupt control system thinking 
an interrupt was still in progress. 


The external sources can be programmed to be level-ac- 
tivated or transition-activated by setting or clearing bit 
IT! or ITO in Register TCON. If ITx = 0, external 
interrupt x is triggered by a detected low at the INTx 
pin. If ITx = 1, external interrupt x is edge-triggered. 
In this mode if successive samples of the INTx pin 
show a high in one cycle and a low in the next cycle, 
interrupt request flag lEx in TCON is set. Flag bit lEx 
then requests the interrupt. 


Sincethe external interrupt pins are sampled once each 
machine cycle, an input high or low should hold for at 
least 12 oscillator periods to ensure sampling. If the 
external interrupt is transition-activated, the external 
source has to hold the request pin high for at least one 
cycle, and then hold it low for at least one cycle to 
ensure that the transition is seen so that interrupt re- 
quest flag lEx will be set. lEx will be automatically 
cleared by the CPU when the service routine is called. 


If the external interrupt is level-activated, the external 
source has to hold the request active until the requested 
interrupt is actually generated. Then it has to deacti- 
vate the request before the interrupt service routine is 
completed, or else another interrupt will be generated. 


Response Time 


The INTO and INTI levels are inverted and latched 
into IEO and lEI at S5P2 of every machine cycle. The 
values are not actually polled by the circuitry until the 
next machine cycle. If a request is active and conditions 
are right for it to be acknowledged,a hardware subrou- 
tine call to the requested serviceroutine will be the next 
instruction to be executed. The call itself takes two cy- 
cles. Thus, a minimum of three complete machine cy- 
cles elapse between activation of an external interrupt 
request and the beginning of execution of the first in- 
struction of the service routine. Figure 24 shows inter- 
rupt response timings. 


A longer response time would result if the request is 
blocked by one of the 3 previously listed conditions. If 
an interrupt of equal or higher priority level is already 
in progress, the additional wait time obviouslydepends 
on the nature of the other interrupt's service routine. If 
the instruction in progress is not in its fmal cycle, the 
additional wait time cannot be more than 3 cycles,since 
the longest instructions (MUL and DIY) are only 4 
cycles long, and if the instruction in progress is RETI 
or an access to IE or IP, the additional wait time can- 
not be more than 5 cycles (a maximum of one more 
cycle to complete the instruction in progress, plus 4 
cyclesto complete the next instruction if the instruction 
is MUL or DIY). 


Thus, in a single-interrupt system, the response time is 
always more than 3 cycles and less than 9 cycles. 


inter 


The 8051 interrupt structure allows single-step execu- 
tion with very little software overhead. As previously 
noted, an interrupt request will not be responded to 
while an interrupt of equal priority level is still in prog- 
ress, nor will it be responded to after RETI until at 
least one other instruction has been executed. Thus, 
once an interrupt routine has been entered, it cannot be 
re-entered until at least one instruction of the interrupt- 
ed program is executed. One way to use this feature for 
single-stop operation is to program one of the external 
interrupts (say, INTO) to be level-activated. The service 
routine for the interrupt will terminate with the follow- 
ing code: 


JNB 
P3.2,$ 
JB 
P3.2,$ 
RETI 


;Wait Here Till INTO Goes High 
;Now Wait Here Till it Goes Low 
:Go Back and Execute One Instruction 


Now if the INTO pin, which is also l:heP3.2 pin, is held 
normally low, the CPU will go right into the External 
Interrupt 0 routine and stay there until INTO is pulsed 
(from low to high to low). Then it will execute RETI, 
go back to the task program, execute one instruction, 
and immediately re-enter the Extemal Interrupt 0 rou- 
tine to await the next pulsing of P'i.2. One step of the 
task program is executed each time P3.2 is pulsed. 


The reset input is the RST pin, which is the input to a 
Schmitt Trigger. 


A reset is accomplished by holding the RST pin high 
for at least two machine cycles (24 oscillator periods), 
while the oscillator is running. The CPU responds by 
generating an internal reset, with the timing shown in 
Figure 25. 


The external reset signal is asynchronous to the internal 
clock. The RST'pin is sampled during State 5 Phase 2 
of every machine cycle. The port pins will maintain 
their current activities for 19 oscillator periods after a 
logic 1 has been sampled at the RST pin; that is, for 19 
to 31 oscillator periods after the external reset signal 
has been applied to the RST pin. 


While the RST pin is high, ALE and PSEN are weakly 
pulled high. After RST is pulled low, it will take 1 to 2 
machine cycles for ALE and PSEN to start clocking. 
For this reason, other devices can not be synchronized 
to the internal timings of the 8051. 


The internal reset algorithm writes Osto all the SFRs 
except the port latches, the Stack Pointer, and SBUF. 
The port latches are initialized to FFH, 
the Stack 


Pointer to 07H, and SBUF is'indeterminate. 
Table 3 


lists the SFRs and their reset values. 


The internal RAM is not affected by reset. On power 
up the RAM content is indeterminate. 
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SFR Name 
Reset Value 


PC 
OOOOH 
ACC 
OOH 
B 
OOH 
PSW 
OOH 
SP 
07H 
DPTR 
OOOOH 


PO-P3 
FFH 


IP (8051) 
XXXOOOOOB 


IP (8052) 
XXOOOOOOB 


IE (8051) 
OXXOOOOOB 
IE (8052) 
OXOOOOOOB 


TMOD 
OOH 
TCON 
OOH 
THO 
OOH 
TLO 
OOH 


TH1 
OOH 
TL1 
OOH 
TH2 (8052) 
OOH 


TL2 (8052) 
OOH 
RCAP2H (8052) 
OOH 
RCAP2L (8052) 
OOH 
SCON 
OOH 
SBUF 
Indeterminate 


PCON (HMOS) 
OXXXXXXXB 


PCON (CHMOS) 
OXXXOOOOB 


,..1 


An automatic 
reset can be obtained when VCC is 


turned on by connecting the RST pin to VCC through a 
10 /Lfcapacitor and to VSS through an 8.2 Kfi resistor, 
providing the VCC risetime does not exceed a millisec- 
ond and the oscillator start-up time does not exceed 10 
milliseconds. This power-on reset circuit is shown in 
Figure 26. The CHMOS devices do not require the 
8.2K pulldown resistor, although its presence does no 
harm. 


When power is turned on the circuit holds the RST pin 
high for an amount of time that depends on the value of 
the capacitor and the rate at which it charges. To en- 
sure a good reset the RST pin must be high long 
enough to allow the oscillator time to start up (normal- 
ly a few msec) plus two machine cycles. 


Note that the port pins will be in a random state until the 
oscillator has started and the internal reset algorithm 
has written Is to them. 


With this circuit, reducing VCC quickly to 0 causes the 
RST pin voltage to momentarily fall below OV.Howev- 
er, this voltage is internally limited, and will not harm 
the device. 


POWER-SAVING 
MODES OF 


OPERATION 


For applications where power consumption is critical 
the CHMOS version provides power reduced modes of 
operation as a standard feature. The power down mode 
in HMOS devices is no longer a standard feature and is 
being phased out. 


CHMOS versions have two power-reducing 
modes, 


Idle and Power Down. The input through which back- 
up power is supplied during these operations is VCC. 
Figure 27 shows the internal circuitry which imple- 
ments these features. In the Idle mode (IDL = I), the 
oscillator continues to run and the Interrupt, 
Serial 


Port, and Timer blocks continue to be clocked, but the 
clock signal is gated ofTto the CPU. In Power Down 
(PD = I), the oscillator is frozen. The Idle and Power 
Down modes are activated by setting bits in Special 
Function Register PCON. The address of this register 
is 87H. Figure 26 details its contents. 


In the HMOS devices the PCON register only contains 
SMOD. The other four bits are implemented only in 
the CHMOS devices. User software should never write 
Is to unimplemented bits, since they may be used in 
future MCS-51 products. 


An instruction that sets PCON.O causes that to be the 
last instruction 
executed before going into the Idle 


inter 


mode. In the Idle mode, the internal clock signal is 
gated ofTto the CPU, but not to the Interrupt, Timer, 
and Serial Port functions. The CPU status is preserved 
in its entirety: the Stack Pointer, Program Counter, 
Program Status Word, Accumulator, and all other reg- 
isters maintain their data during Idle. The port pins 
hold the logical states they had at the time Idle was 
activated. ALE and PSEN hold at logic high levels. 


There are two ways to terminate the Idle. Activation of 
any enabled interrupt will cause PCON.Oto be cleared 
by hardware, terminating the Idle mode. The interrupt 
will be serviced, and following RETI the next instruc- 
tion to be executed will be the one tollowing the in- 
struction that put the device into Idle. 


~~ 
XTAL 
2 = 
XTAL 
1 


INTERRUPT, 


~SERIAL 
PORT, 


TIMER 
BLOCKS 


(MSB) 
(LSB) 


SMOD 
GF1 
GFO 
PO 
IDL 


Symbol 
Posillon 
Name 
and Function 


SMOD 
PCON.? 
Double 
Baud rate bi·:. When 
set to a 1 


and Timer 
1 is used to generate 
baud 


rate, 
and the Serial 
Port is used in 


modes 
1,2. 
or 3. 


PCON.6 
(Reserved) 


PCON.5 
(Reserved) 


PCON.4 
(Reserved) 


GF1 
PCON.3 
General-purpose 
fla'l bit. 


GFO 
PCON.2 
General-purpose 
flaq bit. 


PO 
PCON.1 
Power 
Down 
bit. Selling 
this bit 


activates 
power 
down 
operation. 


IDL 
PCON.O 
Idle mode 
bit. Sellin!! 
this bit activates 


idle mode 
operation. 


If 1s are wrillen 
to PO and IDL at the same time, 
PO takes 
precedence. 
The reset value 
of PCON is (OXXXOOOO). 


In the HMOS 
devices 
the PCON register 
only contains 


SMOD. 
The other four bits are implemented 
only in the' 


CHMOS 
devices. 
User software 
should 
never 
wlite 
1s to 


unimplemented 
bits. since they may be used in future 
MCS- 


51 products. 


The flag bits GFO and GFI can be used to give an 
indication if an interrupt occurred during normal oper- 
ation or during an Idle. For example, an instruction 
that activates Idle can also set one or both flag bits. 
When Idle is terminated by an interrupt, the interrupt 
service routine can examine the flag bits. 


The other way of terminating the Idle mode is with a 
hardware reset. Since the clock oscillator is still run- 
ning, the hardware reset needs to be held active for only 
two machine cycles (24 oscillator periods) to complete 
the reset. 


The signal at the RST pin clears the IDL bit directly 
and asynchronously. At this time the CPU resumes 
program execution from where it left ofT;that is, at the 
instruction following the one that invoked the Idle 
Mode. As shown in Figure 25, two or three machine 
cycles of program execution may take place before the 
internal reset algorithm takes control. On-chip hard- 
ware inhibits access to the internal RAM during this 
time, but access to the port pins is not inhibited. To 
eliminate the possibility of unexpected outputs at the 
port pins, the instruction followingthe one that invokes 
Idle should not be one that writes to a port pin or to 
external Data RAM. 


POWER 
DOWN 
MODE 


An instruction that sets PCON.I causes that to be the 
last instruction executed before going into the Power 
Down mode. In the Power Down mode, the on-chip 
oscillator is stopped. With the clock frozen, all func- 
tions are stopped, but the on-chip RAM and Special 
Function Registers are held. The port pins output the 
values held by their respective SFRs. ALE and PSEN 
output lows. 


The only exit from Power Down for the 8OC51is a 
hardware reset. Reset redefines all the SFRs, but does 
not change the on-chip RAM. 


In the Power Down mode of operation, VCC can be 
reduced to as low as 2V. Care must be taken, however, 
to ensure that VCC is not reduced before the Power 
Down mode is invoked, and that VCC is restored to its 
normal operating level,before the Power Down mode is 
terminated. The reset that terminates Power Down also 
frees the oscillator. The reset should not be activated 
before VCC is restored to its normal operating level, 
and must be held active long enough to allow the oscil- 
lator to restart and stabilize (normally less than 10 
msec). 


The EPROM versions of these devicesare listed in Ta- 
ble 4. The 875lH programs at VPP = 2lV using one 
50 msec FROG pulse per byte programmed. This re- 
sults in a total programming time (4K bytes) of approx- 
imately 4 minutes. 


Device 
EI)ROM 
EPROM 
Ckt 
VPP 
Time Required 
to 
Name 
Vl!rsion 
Bytes 
Type 
Program 
Entire Array 


8051 
(1l751) 
4K 
HMOS 
21.0V 
4 minutes 


8051AH 
8751H 
4K 
HMOS 
21.0V 
4 minutes 


80C51BH 
87C51 
4K 
CHMOS 
12.75V 
13 seconds 


8052AH 
87'52BH 
8K 
HMOS 
12.75V 
26 seconds 


The 8752BH and 87C51 use the faster "Quick-Pulse" 
programming™ 
algorithm. These devices program at 
VPP = 12.75V using a series of twenty-five 100 /los 
PROG pulses per byte programmed. This results in a 
total programming time of approximately 26 seconds 
for the 8752BH (8K bytes) aud 13 seconds for the 
87C51 (4K bytes). 


Detailed procedures for programming 
and verifying 
each device are given in the data sheets. 


It is good practice to cover the EPROM window with 
an opaque label when the device is in operation. This is 
not so much to protect the EPROM array from inad- 
vertent erasure, but to protect the RAM and other on- 
chip logic. Allowing light to impinge on the silicon die 
while the device is operating can cause logical malfunc- 
tion. 


In some microcontroller applications it is desirable that 
the Program Memory be secure from software piracy. 
Intel has responded to this ne<:dby implementing a 
Program Memory locking scheme in some of the MCS- 
51 devices. While it is impossible for anyone to guaran- 
tee absolute security against all levels of technological 
sophistication, the Program Memory locks in the MCS- 
51 devices will present a formidable barrier against ille- 
gal readout of protected software. 


The 
8751H contains 
a lock bit which, once pro- 
grammed, 
denies electrical 
ac<:ess by any external 
means to the on-chip Program Memory. The effect of 
this lock bit is that while it is programmed the internal 
Program Memory can not be read out, the device can 
not be further programmed, and it can not execute ex- 
ternal Program Memory. Erasing the EPROM array 
deactivates the lock bit and restores the device's full 
functionality. It can then be re-programmed. 


The procedure for programming the lock bit is detailed 
in the 8751H data sheet. 


The 87C51 and 8752BH contain two Program Memory 
locking schemes: Encrypted Verify and Lock Bits. 


Encrypted Verify: These devices implement a 32-byte 
EPROM array that can be programmed by the custom- 
er, and which can then be used to encrypt the program 
code bytes during EPROM verification. The EPROM 
verification procedure is performed as usual, except 
that each code byte comes out X-NORed with one of 
the 32 key bytes. The key bytes are gone through in 
s~uence. Therefore, to read the ROM code, one has to 
know the 32 key bytes in their proper sequence. 


Unprogrammed bytes have the value FFH. Therefore, 
if the Encryption Array is left unprogrammed all the 
key bytes have the value FFH. Since any code byte 
X-NORed with FFH leaves the code byte unchanged, 
leaving the Encryption Array unprogrammed in effect 
bypasses the encryption feature. 


Lock Bits: Also on the chip are two Lock Bits which 
can be left unprogrammed (U) or programmed (P) to 
obtain the following features: 


Bit 2 
Bit 1 
Additional 
Features 


U 
U 
None 


U 
P 
• 
Externally 
fetched 
code can not 
access 
internal 
Program 
Memory. 


• 
Further 
programming 
disabled. 


P 
U 
(Reserved 
for Future definition.) 


P 
P 
• 
Externally 
fetched 
code can not 
access 
internal 
Program 
Memory. 


• 
Further programming 
disabled. 
• 
Program verification 
is disabled. 


When Lock Bit I is programmed, the logic level at the 
EA pin is sampled and latched during reset. If the de- 
vice is powered up without a reset, the latch initializes 
to a random value, and holds that value until reset is 
activated. It is necessary that the latched value of EA 
be in agreement with the current logic level at that pin 
in order for the device to function properly. 


inter 


Normal operation is restored after a normal reset is 
applied. 


The ONCE ("on-circuit emulation"') mode facilitates 
testing and debugging of systems using the 87C51 with- 
out the 87C51 having to be removed from the circuit. 
The ONCE mode is invoked by: 
I. Pull ALE low while the device is in reset and PSEN 


is high; 


2. Hold ALE low as RST is deactivated. 
The 
on-chip 
oscillator 
circuitry 
for 
the 
HMOS 
(HMOS-I and HMOS-II) members of the MCS-51 fam- 
ily is a single stage linear inverter (Figure 29), intended 
for use as a crystal-controlled, positive reactance oscil- 
lator (Figure 30). In this application the crystal is oper- 
ated in its fundamental response mode as an inductive 
reactance in parallel resonance with capacitance exter- 
nal to the crystal. 


While the device is in ONCE mode, the Port 0 pins go 
into a float state, and the other port pins and ALE and 
PSEN are weakly pulled high. Th,~ oscillator circuit 
remains active. While the 87C51 i5.in this mode, an 
emulator or test CPU can be used t:>drive the circuit. 


XTAL1~f 


SIJBST. 


inter 


The crystal specifications and capacitance values (CI 
and C2 in Figure 30) are not critical. 30 pF can be used 
in these positions at any frequency with good quality 
crystals. A ceramic resonator can be used in place of 
the crystal in cost-sensitive applications. When a ce- 
ramic resonator is used, CI and C2 are normally select- 
ed to be of somewhat higher values, typically, 47 pF. 
The manufacturer of the ceramic resonator should be 
consulted for recommendations 
0.11 the values of these 


capacitors. 


A more in-depth discussion of crystal specifications, ce- 
ramic resonators, and the selection of values for CI and 
C2 can be found in Application Note AP-155, "Oscilla- 
tors for Microcontrollers," 
which is included in this 


manual. 


Vcc 
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SIGNAL 
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Figure 31. Driving the HMOS MCS@-51 
Parts with an External Clock Source 


coon 
XTAL10-- 


To drive the HMOS parts with an external clock 
source, apply the external clock signal to XTAL2, and 
ground XTALI, as shown in Figure 31. A pullup resis- 
tor may be used (to increase noise margin), but is op- 
tional if YOH of the driving gate exceeds the YIH MIN 
specification of XTAL2. 


The on-chip oscillator 
circuitry 
for the 
80C51BH, 
shown in Figure 32, consists of a single stage linear 
inverter intended for use as a crystal-controlled, posi- 
tive reactance oscillator in the same manner as the 
HMOS parts. However, there are some important dif- 
ferences. 


One difference is that the 8OC5IBH is able to turn off 
its oscillator under software control (by writing a I to 
the PD bit in PCON). Another difference is that in the 
8OC51BH the internal clocking circuitry is driven by 
the signal at XTALl, whereas in the HMOS versions it 
is by the signal at XTAL2. 


The feedback resistor Rf in Figure 32 consists of paral- 
leled n- and p- channel FETs controlled by the PD bit, 
such that Rf is opened when PD = I. The diodes D I 
and D2, which act as clamps to YCC and YSS, are 
parasitic to the Rf FETs. 


inter 


QUARTZ CRYSTAL 
OR CERAMIC 
RESONATOR 


The oscillator can be used with the Hameexternal com- 
ponents as the HMOS versions, as shown in Figure 33. 
Typically, CI = C2 = 30 pF when the feedback ele- 
ment is a quartz crystal, and CI = C2 = 47 pF when a 
ceramic resonator is used. 


To drive the CHMOS parts with an external clock 
source, apply the external clock signal to XTALl, and 
leave XTAL2 float, as shown in Figure 34. 


The reason for this change from the way the HMOS 
part is driven can be seen by comparing Figures 29 and 
32. In the HMOS devices the intemal timing circuits 
are driven by the signal at XTAL2. In the CHMOS 
devices the internal timing circuits are driven by the 
signal at XTALI. 


NC- 


EXTERN~ 


OSCILLAT~t 
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CMOSGATE r 
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Figure 34. Driving the CHMC)S MCS®-51 
Parts with an External 
Clolck Source 


Figures 35 through 38 show when the various strobe 
and port signals are clocked interndly. The figures do 
not show rise and fall times of the signals, nor do they 
show propagation delays between the XTAL2 signal 
and events at other pins. 


Rise and fall times are dependent on the external load- 
ing that each pin must drive. They are often taken to be 
something in the neighborhood of 10 nsec, measured 
between 0.8Y and 2.0Y. 


Propagation delays are different for different pins. For 
a given pin they vary with pin loading, temperature, 
YCC, and manufacturing lot. If the XTAL2 waveform 
is taken as the timing reference, prop delays may vary 
from 25 to 125 nsec. 


The AC Timings section of the data sheets do not refer- 
ence any timing to the XTAL2 waveform. Rather, they 
relate the critical edges of control and input signals to 
each other. The timings published in the data sheets 
include the effects of propagation 
delays under the 
specified test conditions. 


Port 0: Port 0 is an 8-bit open drain bidirectional I/O 
port. As an open drain output port it can sink 8 LS 
TTL loads. Port 0 pins that have Is written to them 
float, and in that state will function as high-impedance 
imputs. Port 0 is also the multiplexed low-order address 
and data bus during accesses to external memory. In 
this application it uses strong internal pullups when 
emitting Is. Port 0 also emits code bytes during pro- 
gram verification. In that application, external pullups 
are required. 


Port 1: Port I is an 8-bit bidirectional I/O port with 
internal pullups. The Port I output buffers can sink! 
source 4 LS TTL loads. Port I pins that have Is written 


inter 


to them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port I pins 
that are externally being pulled 101Vwill source current 
(IlL, on the data sheet) because of the internal pullups. 


In the 8052, pins PI.O and PI. I also serve the alternate 
functions of T2 and T2EX. T2 is the Timer 2 external 
input. T2EX is the input through which a Timer 2 
"capture" is triggered. 


Port 2: Port 2 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 2 output buffers can sink! 
source 4 LS TTL loads. Port 2 ,~mits the high-order 
address byte during accesses to e~ternal memory that 
use 16-bit addresses. In this application 
it uses the 


strong internal pullups when emitting Is. Port 2 also 
receives the high-order address and control bits during 
8751H programming and verification, and during pro- 
gram verification in the 8051AH. 


Port 3: Port 3 is an 8-bit bidirectional I/O port with 
internal pullups. It also serves the functions of various 
special features of the MCS-51 Family, as listed below: 


Port Pin 


P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 


AlternatE! 
Function 
RXD (serial input port) 
TXD (serial output port) 
INTO (external 
interrupt 
0) 


INT1 (external 
interrupt 
1) 


TO (Timer 0 E'xternal input) 
T1 (Timer 1 external input) 
WR (external 
data memory 
write strobe) 
RD (external 
data memory 
read strobe) 


The Port 3 output buffers can source/sink 4 LS TTL 
loads. 


RST: Reset input. A high on this pin for two machine 
cycles while the oscillator is running resets the device. 


ALEIPROG: 
Address Latch Enable output pulse for 


latching the low byte of the address during accesses to 
external memory. ALE is emitted at a constant rate of 
'I. of the oscillator frequency, for external timing or 
clocking purposes, even when there are no accesses to 
external memory. (However, one ALE pulse is skipped 
during each access to external Data Memory.) This pin 
is also 
the 
program 
pulse 
input 
(PROG 
during 
EPROM programming. 


PSEN: Program Store Enable is the read strobe to ex- 
ternal Program Memory. When the device is executing 
out of external Program Memory, PSEN is activated 
twice each machine cycle (except that two PSEN acti- 
vations are~ed 
during accesses to external Data 


Memory). PSEN is not activated when the device is 
executing out of internal Program Memory. 


EA/VPP: When EA is held high the CPU executes out 
of internal 
Program 
Memory 
(unless the Program 


Counter exceeds OFFFH in the 8051AH, or IFFFH in 
the 8052). Holding EA low forces the CPU to execute 
out of external memory regardless of the Program 
Counter value. In the 8031AH and 8032, EA must be 
extremely wired low. In the EPROM devices, this pin 
also receives the programming supply voltage (VPP) 
during EPROM programming. 


I 


STATE 11STATE 21 STATE 3/ STATE 41 STATE 51 STATE 6/ STATE 1ISTATE 21 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 


-f 
-f 
DATA 


-+J 
f+- SAMPLED 
---i-+- 


____ 
]. 
PC_H_O_UT 
PC_H_O_UT 
PC_H_OUT 


Figlure 35. External 
Program 
Memory 
Fetches 


6-30 


"nter 


I 


STATE 
41 ST~,TE 51 STATE 81 STATE 1ISTATE 21 STATE 31 STATE 
41 STATE 
5/ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 


XTAL.2:JUUlJ 


ALE: ~1 
__ 
~1L 


----t'~RI 


PCH 
OR 
[ 
DPH OR P2 SFR OUT 
PCH 
OR 


_~_S_F_R_ 
_ 
--''--~_S_FR_ 


I 


STATE 
41 STATE 51 STATE 81 STATE 1ISTATE 2.1 STATE 31 STATE 41 STATE 51 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 


___ 
IL 


PCl 
OUT IF 
fl·~' 


IS EXTERNAL 


PCl 
o 
----r~ 
DATA OUT 


PCH 
OR 
[ 
DPH OR P2 SFR OUT 


~SFR 
---------------- 


I 


SlATE 
41 STATE 51 STATE 61 STATE 1 1STATE 21 STATE 
31 STATE 
41 STATE 5/ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 


XTAL2: J1J 


~ 


'Pl 


INPUTS 
SAMPLED: 


P2, P3, RST 
PO,P1LL 


P2, P3, RST =::r-l.-- 


SERIAL 
PORT 
SHin 
CLOCK 


'(MODE 
0) 
__ I 


RXD SAMPLED ---J 
f-- 


83C51FA 


HARDWARE DESCRIPTION 
OF:THE 83C51FA (83C252) 


The 83C51FA is an 8-bit control-oriented 
microcon- 
troller based on the 8051 architecture. The 83C51FA is 
an enhanced version of the 80C51BH and incorporates 
many new features. These features include: 
• Programmable Counter Array with 


Compare/Capture 
High Speed Output 
Pulse Width Modulator 
Watchdog Timer 
• Programmable Serial Channel 
- 
Automatic Address Recognition 


- 
Framing Error Detection 


• Enhanced Power Down Mode 
• l6-Bit UplDown Timer/Counter 
• 8K Factory Mask ROM 
• 256 Bytes of On-Chip Data RAM 
• 7 Interrupt Sources 


The 83C51FA uses the standard 8051 instruction set 
and 
is pin 
for 
pin 
compatible 
with 
the 
existing 
MCS@-51 products. However, the numbering system 
for the 83C51FA is slightly different. The 83C5lFA is 
the factory masked ROM device; th~ 8OC51FA is the 
ROMless device; and the 87C5lFA i" the EPROM de- 
vice. 


It is assumed that the reader is familiar with the 8051 
architecture. 
For more detailed information 
on the 
8051, consult the "Hardware Description of the 8051 
and 8052" chapter. 


The Programmable Timer/Counter 
Array (PCA) con- 
sists of a l6-bit counter and five 16·bit compare/ cap- 
ture modules. Each compare/captur'e 
module has its 
own mode register, CCAPMn, which is used to config- 
ure the module. The compare/captun: 
modules and the 
PCA counter share Port I pins for hardware interfacing 
as shown below: 


Port 
Name 
Function 
Pin 


P1.2 
ECI 
External Count Input to the PCA 


P1.3 
CEXO 
External I/O for Compare/Capture 
Module 0 


P1.4 
CEX1 
External I/O for Compare/Capture 
Module 
1 


P1.5 
CEX2 
External I/O for Compare/Capture 
Module 2 


P1.6 
CEX3 
External I/O for Compare/Capture 
Module 3 


P1.7 
CEX4 
External I/O for Compare/Capture 
Module 4 


The time-base for the PCA is a programmable 
16-bit 


timer/counter. This timer is the only one that can serve 
the PCA. This timer is started or stopped by setting or 
clearing bit 
CR 
in the Special Function 
Register 


CCON, and can be programmed to count any of the 
following signals (where Fosc is the 83C5lFA oscilla- 
tor frequency): 


• Fosc/12 
The Counter increments once per machine cycle. 


• Fosc/4 
With a 16MHz crystal, the counter increments once 
every 250 ns. 


• Timer 0 overflow 
The counter is incremented whenever Timer 0 over- 
flows. This mode allows a programmable input fre- 
quency to the PCA. 


• External input on ECI pin 
The counter is incremented when a I-to-O transition 
is detected on the ECI pin. The counter is limited to 
input frequencies of Fosc/8 in this mode. 


The 
l6-bit 
PCA 
timer/counter 
can 
also be pro- 


grammed to either run or pause when the CPU is in 
Idle mode. 


Each of the five 16-bit compare/capture 
modules can 


be programmed to do one of the ollowing: 


• 
16-bit capture, positive edge aGtivated. 
• 
16-bit capture, negative edge activated. 


• 
16-bit capture, both positive and negative edge acti- 
vated. 


• 
16-bit software timer. 


• High-speed output. 
• 8-bit Pulse Width Modulator (PWM). 


In addition, Compare/Capture 
module 4 can be used as 
a Watchdog Timer. 


When any of the compare/captu.re modules are pro- 
grammed to the capture mode or the 16-bit Timer/ 


High speed output mode, an interrupt can be generated 
when the module executes its function. 


DESCRIPTION 
OF THE PCA 
HARDWARE 


The time base for the PCA is a 16-bit timer/counter 
consisting of registers CH and CL (high and low bytes 
of the count value), controlled by Special Function 
Register CCON (Figure I) and a mode register CMOD 
(Figure 2). 


CCON contains bits CF (Counter Flag) which gets set 
by hardware 
when the counter 
rolls over and CR 
(Counter Run) which is used to turn the counter on 
and off. It also contains interrupt flags from each of the 
five PCA modules. 


__ 
c_F 
c_R__ C~ 
__ 
C_C_F_4 
C_C_F_3 
C_C_F2 
C_C_F_1 
C_C_FO 
__ 


Symbol 
Position 
Function 


CF 
CCON.7 
PCA Counter Overflow 
flag. Set by hardware 
when the 
counter 
rolls over. CF flags an interrupt 
if bit ECF in CMOD is 
set. CF may be set by either hardware 
or software. 
It can only 
be cleared 
by software. 


CR 
CCON.6 
Counter 
Run control 
bit. Set by software 
to turn the PCA 
counter 
on. Clear by software 
to turn the PCA counter 
off. 


- 
CCON.5 
Not implemented, 
reserved 
for future use .• 


CCF4 
CCON.4 
PCA Module 4 interrupt flag. Set by hardware 
when a match or 
capture occurs. Must be cleared 
by software. 


CCF3 
CCON.3 
PCA Module 3 interrupt flag. Set by hardware 
when a match or 
capture 
occurs. Must be cleared 
by software. 


CCF2 
CCON.2 
PCA Module 2 interrupt flag. Set by hardware 
when a match or 


capture occurs. 
Must be cleared 
by software. 


CCF1 
CCON.1 
PCA Module 
1 interrupt 
flag. Set by hardware 
when a match or 
capture occurs. 
Must be cleared 
by software. 


CCFO 
CCON.O 
PCA Module 0 interrupt 
flag. Set by hardware 
when a match or 
capture occurs. 
Must be cleared 
by software. 


NOTE: 
·User software should not write 1s to reserved bits. These bits may be used in future MCS-51 products to invoke new 
features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. The value read from a 
reserved bit is indeterminate. 


CMOD contains the following bits: 
CIDL- 
selects whether the PCA counter continues to 
run in Idle Mode 


WDTE- 
enables the Watchdog Timer function 


CPSI and CPSo-select 
the counter input 
ECF- 
enables CF to generate an interrupt. 


~_C_ID_L~~~W_D_T_E_C~~~~ 
C_P_S_1 
_~_C_P_S_O 
E_C_F 
__ 


Address = OD9H 


Symbol 
Position 
Function 


CIDL 
CMOD.7 
Counter 
Idle control: 
CIDL = 0 programs 
PCA Counter to continue 


fu 1ctioning during Idle mode. CIDL = 1 programs 
it to be gated off during 


Idle. 


WDTE 
CMOD.6 
Watchdog 
Timer Enable: WDTE = 0 disables 
Watchdog 
Timer function. 


WDTE = 1 enables 
it. 
r 


- 
CMOD.5 
Not implemented, 
reserved 
for future use.' 
- 
CMOD.4 
Not implemented, 
reserved 
for future use. • 
- 
CMOD.3 
Not implemented, 
reserved 
for future use.' 


CPS1 
CMOD.2 
Count Pulse Select bit 1. 


CPSO 
CMOD.1 
Count Pulse Select bit O. 


CPS1 
CPSO 
PCA Count Pulse Selected 


0 
0 
Internal clock, Fosc/12 


0 
1 
Internal clock, Fosc/4 


1 
0 
Timer 0 overflow 
1 
1 
External clock at ECI pin (P1.2) 
(maximum 
rate = Fosc/8) 


ECF 
CMOD.O 
Enable Counter Overflow 
interrupt: 
ECF = 1 enables 
CF bit in CCON to 


generate 
an interrupt. 
ECF = 0 disables that function 
of CF. 


NOTE: 
'User software should not write 1s to reserved bits. These bits may be used in future MCS-51products to invoke new 
features. Inthat case, the reset or inactivevalue of the new bitwillbe O. and its active value willbe 1. The value read froma 
reserved bit is indeterminate. 


Each of the five PCA modules has a Compare/Capture 
Mode register, CCAPMn, n = 0 through 4 (Figure 3). 
The following bits in each CCAPMn register define 
that module's function. 
ECOMn- 
enables that module's comparator function 


CAPPn- 
enables the capture fun,;tion on positive 
transitions at the CEXn pin 


CAPNn- 
enables the capture function on negative 
transitions at the CEXn pin 


MATn- 
enables a comparator match to set the cor- 
responding CCFn flag 


TOGn- 
enables a comparator match to toggle the 
CEXn pin 
PWMn- 
enables the PWM output at the CEXn pin 
ECCFn- 
enables any Compare/Capture 
event to flag 


an interrupt 


inter 


___ 
I 
ECOMn 
D~APPn 


Addresses 
= ODAH (n = 0) 
ODBH (n=1) 
ODCH (n=2) 
ODDH (n=3) 
ODEH (n=4) 


MATn 
I 
TOGn 
1 
PWMn 
1 
ECCFn 


Reset Value 
= XOOOOOOOB 


Symbol 
Position 
Function 
- 
CCAPMn,7 
Not implemented, 
reserved 
for future use.' 


ECOMn 
CCAPMn,6 
ECOMn 
= 1 enables the comparator 
function. 
This bit is 


automatically 
cleared 
by any write to the CCAPnL register, 
and automatically 
set by any write to the CCAPnH register. 
This prevents 
unintended 
matches 
from occurring 
during 


writes to the 16-bit Compare/ 
Capture register. 


CAPPn 
CcAPMn.5 
Positive edge capture 
enable. When CAPPn 
= 1, a positive 


transition 
at the CEXn pin triggers a 16-bit capture from the 


PCA counter to this module's 
Compare/Capture 
register. 


CAPNn 
CCAPMn.4 
Negative 
edge capture 
enable. When CAPNn 
= 
1, a negative 


transition 
at the CEXn pin triggers a 16-bit capture from the 


PCA counter 
to this module's 
Compare/Capture 
register. 


MATn 
CCAPMn.3 
When MAT n = 1, a match of the PCA Counter with this 
module's 
Compare/Capture 
register causes the CCFn bit in 


CCON to be set, flagging an interrupt. 


TOGn 
CCAPMn.2 
When TOGn 
= 1, a match of the PCA Counter with this 


module's 
Compare/Capture 
register causes the CEXn pin to 


toggle. 


PWMn 
CCAPMn.1 
When PWMn = 
1, CEXn is driven high when the low byte of 


the PCA Counter 
(CL) matches 
the low byte of this module's 


Compare/Capture 
register (CCAPnL). When CL rolls over to 


OOH,the CEXn pin is driven low and CCAPnL is updated with 
the value in CCAPnH. This enables the CEXn pin to be used 
as a pulse width modulated 
output. Software 
varies the pulse 


width by writing to CCAPnH. 


ECCFn 
CCAPMn.O 
Enables Compare/Capture 
Flag CCFn in the CCON register to 


generate 
an interrupt. 


NOTE: 
'User 
software 
should 
not write 
1s to reserved 
bits. 
These 
bits 
may be used 
in future 
MCS-51 
products 
to invoke 
new 
features. 
In that case, the reset or inactive 
value of the new bit will be 0, and its active value will be 1. The value read from a 


reserved 
bit is indeterminate. 


There 
are 6 modes 
of operation 
for each of the 5 PCA 


modules. 
Shown 
below are the combinations 
of bits in 
the 
CCAPMn 
register 
that 
are 
valid 
and 
have 
a 


defined function. 
Invalid 
combinations 
will produce 
un- 


defined 
results. 


ECOMn 
CAPPn 
CAPNn 
MATn 
TOGn 
PWMn 
ECCFn 
Module Function 
0 
0 
0 
0 
0 
0 
0 
No operation 


X 
1 
0 
0 
0 
0 
X 
16-bit capture 
by a positive-edge 
trigger on CEXn 


X 
0 
1 
0 
0 
0 
X 
16-bit capture 
by a negative-edge 
trigger on CEXn 


X 
1 
1 
0 
0 
0 
X 
16-bit capture 
by a transition 
on CEXn 


1 
0 
0 
1 
0 
0 
X 
16-bit software 
timer 


1 
0 
0 
1 
1 
0 
X 
High Speed Output 


1 
0 
0 
0 
0 
1 
0 
8-bit PWM 


The 5 Compare/Capture 
modules share a l6-bit timer/ 


counter as their "time base". The timer/counter, shown 
in Figure 4, can be programmed to increment in 4 dif- 
ferent ways. The modes are shown below with the setup 
values in the CMOD register: 


CPS1 CPSO 
Method 
of Incrementlng 


0 
0 
Internally 
clocked 
at Oscillator 


Frequency 
112 


0 
1 
Internally 
clocked 
at Oscillator 


Freq~ency 
14 


1 
0 
Incremented 
when Timer 0 overflows 


1 
1 
Externally 
clocked 
on Pin P1.2/ECI. 


(Limited to Oscillator 
Frequency 
18) 


Setting CAPPn and/or 
CAPNn puts Compare/Cap- 


ture module n into Input Capture mode, as shown in 
Figure 5. The external input pins CEXO through CEX4 
are sampled for a transition. When a valid transition is 
detected for the current mode of operation (rising edge, 
falling edge, or either edge), CL is transferred into the 
CCAPnL 
register, 
and 
CH 
is 
transferred 
into 


CCAPnH. The resulting value in the Capture Regis- 
ters, CCAPnL and CCAPnH, reflect the values in CL 
and CH at the time a transition was detected on the 
CEXn pin. The event flags an interrupt if bit ECCFn is 
set. 


Fose/12 


Fose/4 


TIMER 0 
OVERFLOW 


intJ 


PCA TIMER / 
COUNTER VALUE 


16 


Setting 
bit 
ECOMn 
in the 
Compare/Capture 
Mode 


Register 
(CCAPMn) 
enables the Comparator 
function 
as shown 
in Figure 
6. The 
Comparator 
compares 
a 


l6-bit 
value 
stored 
in the 
compare/capture 
register 


with the count value of the counter module. When they 
are equal, a match signal is generated which can set the 
status 
bit CCFn 
in the PCA 
Control 
register 
CCON 


and/or 
toggle the corresponding 
CEXn pin. 


PCA TI~ER 
/ 
COUNTER 
VALUE 


16 


WRITE TO 


CCAPnL~ 


RESET~ 


Bit ECOMn is set by software and 
J.S initially cleared 


during 
reset. It also gets cleared when a write to 


CCAPnL 
register happens and is s,~t if CCAPnH is 


written to. This feature prevents action until the com- 
plete l6-bit value is loaded into the CCAPnH/L 
regis- 


ter if the low value is written to the 16-bit register first. 


When the MATn (Match) bit is set in the Compare/ 
Capture Mode Register, the corresp'Jnding module in 
the PCA is configured as a 16-bit timer. When the val- 
ue in the 16-bit Compare/Capture 
register is equal to 


the 16-bit value on the Count Bus, the hardware sets 
the CCFn flag. This bit flags an interrupt if ECCFn is 
also set. 


When programmed as a timer, the PCA module, dur- 
ing every cycle, compares the contl:nts of the 16-bit 
timer with the preset value of its Compare registers. 
When a match occurs, if bit TOGn is set, the module 


CL MADE 
rr TO 00 
TRANSITION 


reverses the logic level of its I/O pin, and/or can gener- 
ate an interrupt as shown in Figure 6. When the PCA 
module is configured in this manner as a High Speed 
Output, the user, by setting or clearing the pin in soft- 
ware, can select whether the module's output pin will 
change from a logical 0 to a logical I or vice versa. 


Any or all of the 5 modules of the PCA can be pro- 
grammed to be a Pulse Width Modulator as shown in 
Figure 7. In this mode, the PWM output can be used to 
convert digital data to an analog signal by simple exter- 
nal circuitry. The frequency of the PWM depends on 
which of the four clock sources is selected for the PCA 
Timer. With a 16 MHz crystal the maximum frequency 
of the output waveform of the PWM is 15.6 KHz. The 
duty cycle of the waveform is controlled by the con- 
tents of an 8-bit register (CCAPnH) that can be pro- 
grammed to be any integer from 0 to 255. 


A Watchdog Timer is a circuit that automatically in- 
vokes a reset unless the system being watched sends 
regular hold-ofTsignals to the Watchdog. These circuits 
are used in applications that ar,: subject to electrical 
noise, power glitches, electrostatic discharges, etc., or 
where high reliability is required with hands-ofT opera- 
tion. 


In this mode, every time the count in the PCA counter 
module matches the value stored in compare/capture 
module 4, an internal reset is ge·nerated. The bit that 
selects this mode is WDTE in the CMOD register. 
Compare/capture 
module 4 should be set up to be a 
16-bit timer or a High Speed Output in the Watchdog 
Timer mode. 
' 


To hold ofTthe reset, the user's software can: 
• Continually reset the PCA Hi-bit timer value to a 
lower value than the reset value in module 4. 


• Clear the WDTE bit when a match is about to oc- 
cur, and then set the WDTE bit just after the match 
condition (temporarily disabling the feature). 
or 


• Continually change the CCAP4H and CCAP4L val- 
ue to one that is "far" from a match value. 


Finally, the Watchdog Timer can be used to program a 
reset by allowing a match to occur. 


The full duplex serial port of the 113C51FA is the same 
as the serial port of the 8052 but with two added fea- 
tures: Automatic 
Address Recognition and Framing 
Error Detection. 


Automatic Address Recognition is useful in multi-proc- 
essor applications in which the CPUs communicate 
through 
the serial channel. Using this feature, the 
83C51FA's Serial Port refrains from interrupting the 
CPU unless it receives its own address. Automatic Ad- 
dress Recognition is enabled by st:tting the SM2 bit in 
SCON. 


Normally the Serial Port would be configured into ei- 
ther of the 9-bit modes (modes 2 and 3). In these 
modes, if SM2 is set, the Receive Interrupt flag RI is 


not activated unless the received byte is an address byte 
(9th data bit = I), and the address corresponds to ei- 
ther a Given Address or a Broadcast Address. 


The feature works the same way in the 8-bit mode 
(mode I) as in the 9-bit modes, except that the stop bit 
takes the place of the 9th data bit. That is, if SM2 is set, 
RI is not activated unless the received byte agrees with 
either the Given or Broadcast address and is terminated 
by a valid stop bit. 


The Given Address is specified by the contents of two 
new SFRs: SADDR and SADEN. The 83C51FA's in- 
dividual address is defined in SADDR. SADEN is a 
mask byte that defines don't-cares in SADDR to form 
the Given Address. For example, 


SADDR 
= 01010110 


SADEN 
= 11111100 
specify the Given Address to be OIOIOIXX. 


The Broadcast Address is formed from the logical OR 
of SADDR and SADEN. Zeros in the logical OR are 
don't-cares. For example, the values given above for 
SADDR and SADEN define the broadcast address to 
be IllllllX. 


Automatic Address Recognition allows a host proces- 
sor to establish communication 
with an addressed 


slave, without all the other slave controllers having to 
respond to the transmission. The addressed slave then 
clears its SM2 bit to enable reception of data bytes (9th 
data bit = 0) from the host. 


The Given and Broadcast addresses allow each micro- 
controller to have its own (Given) address and a com- 
mon (Broadcast) address. A "host" on the serial chan- 
nel can selectively address single 83C51FA's using the 
Given Address or all 83C5lFA's 
using the Broadcast 


Address. 


On reset, the SADDR and SADEN registers are initial- 
ized to OOH.This dermes the Given and Broadcast ad- 
dresses to be XXXXXXXX (all don't-eares) for back- 
wards compatibility with the MCS<Il>-5lfamily. 


Another new feature of the Serial Port is Framing Er- 
ror Detection. This allows the receiving controller to 
check the stop bit in modes I, 2, or 3. A missing stop 
bit causes a Framing Error bit, FE, to be set. The FE 
bit can then be checked in software immediately after 
each reception to detect the lack of a valid stop bit. A 
missing stop bit can be caused, for example, by noise on 
the serial lines, or by two CPU s trying to transmit at 
the same time. 
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The FE bit, once set, must be cleared in software. A 
valid stop bit does not cause the FE bit to be cleared. 


The FE bit resides in SCON, and has the same bit ad- 
dress as the SMObit. A new contro:. bit in the PCON 
register determines if accesses to the SMO/FE bit ad- 
dress are to SMO or to FE. The r.ew control bit in 
PCON is called SMODO, and resides at PCON.6 (Fig- 
ure 8). If SMODO = 0, then access~ to SCON.? are to 
SMO.If SMODO = I, then accesses to SCON.? are to 
FE. 


Idle Mode is the same in the 83C51FA as in the 
80C51BH. Note that the PCA can be programmed to 
either pause or continue operations during Idle. 


The Power Down Mode on the 83C51FA differs from 
the 8OC51BH in one respect: the 83C5lFA 
can exit 


Power Down with either a hardware Reset or an Exter- 
nal Interrupt. 
(The 80C5lBH 
can only exit Power 


Down with a hardware Reset.) An exit with an Exter- 
nal Interrupt allows not only the on-chip RAM to be 
saved but also the Special Function Registers. 


The External Interrupt, 
INTO or INTI, 
must be en- 


abled and configured as level-sensitive to properly ter- 
minate Power Down. Also the inter::upt should not be 
executed before Vcc is restored to it:;normal operating 
level, and must be held down long erough for the oscil- 
lator to restart and stabilize. Once the interrupt is serv- 


iced, the next instruction executed after RETI will be 
the one following the instruction that put the device in 
Power Down. 


A Power Off Flag, POF, has been added to the PCON 
register (Figure 8). This flag is set by hardware when 
VCC comes up, and can be set or cleared by software. 
This allows one to distinguish between a "cold start" 
reset and a "warm start" reset. 


A cold start reset is one that is coincident with VCC 
being turned on to the device after it was turned off. A 
warm start reset is one that occurs after the device has 
already been powered up and running. A warm start 
reset could be generated, for example, by a Watchdog 
Timer, or as an exit from Power Down Mode. 


To use the feature, one checks the POF bit in software 
immediately after reset. POF = 
I would indicate a 
cold start. The software then clears POF, and com- 
mences its tasks. POF = 0 immediately after reset 
would indicate a warm start. 


Timer 2 is a general purpose 
16-bit timer/counter 
which is present in the 8052 and in the 83C51FA. Tim- 
er 2 has the same functionality in both of these devices 
except that in the 8052 Timer 2 can only count up, and 
in the 83C5lFA Timer 2 can be programmed to count 
up or down. The option to count up or down becomes 
available when the Timer is configured to its 16-bit 
auto-reload mode. 


SMODO 
L_X 
PO_F 
G_F_1 
G_F_0 
P_D 
I_DL__ 


Address 
= 087H 


POF 
Power Off Flag. Set by hardware on the rising edge of Vcc. Set or cleared by software. This flag allows 
detection of a power failure caused reset. Vcc must remain above 3V to retain this bit. 
SMODO When set, ReadlWrite 
al;cesses to SCON.? are to the FE bit. When clear, Read/Write 
accesses to 
SCON.? are to the SMObit. 
SMODI 
Same as the SMOD bit in the MSC-51 architecture. The additional bits are defined to be compatible with 
the 8052 and 8OC51BH. 


Figure 8. PCON: Power Control 
Register 


__x 
x_~C~ 
__ X 
X_~ 
__ 
X 
X 
D_C_E_N_ 


When set, this bit allows Timer 2 to be configured as an up/down counter. 


Figure 9. T2MOD: Timer 2 Mode Control 
Register 


_______1CjfZ=l 


T2 PIN 
- 


The Special Function Regist.r T2MOD (present in the 
83C51FA but not in the 8052) contains a bit named 
DCEN (Down Counter Enable). T2MOD is shown in 
Figure 9. When this bit is clear (0), the Timer 2 Auto- 
Reload Mode in the 83C51FA is exactly the same as in 
the 8052. Figure 10 shows Time 
2 in Auto-Reload 
Mode with DCEN = O. 


When DCEN is set (I), the Timer 2 Auto-Reload Mode 
takes the form shown in Figure II. The T2EX pin now 
controls the direction of count. A logic I at T2EX 
makes Timer 2 count up. A logic 0 at T2EX makes 
Timer 2 count down. Also, the EXF2 bit toggles every 
time Timer 2 overflows or underflows. In this operating 
mode, the EXF2 bit does not flag an interrupt. 


Figure 
11. Timer 2 Auto-Reload 
Mode when DCEN = 1 
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The 83C51FA implements a full 256 bytes of on-chip 
data RAM. As in the 8052, the upper 128bytes occupy 
a parallel address space to the Special Function Regis- 
ters. That means they have the same addresses, but they 
are physically separate from SFR space. 


When an instruction accesses an internal location above 
address 7FH, the CPU knows whether the access is to 
the upper 128 bytes of data RAM or to SFR space by 
the addressing mode used in the im.truction. Instruc- 
tions that use direct addressing acceus SFR space. For 
example, 


accesses the SFR at location OAOH(which is P2). In- 
structions that use indirect addressin,g access the upper 
128 bytes of data RAM. For example, 


MOV @RO,#data 


where RO contains OAOH,accesses the data byte at ad- 
dress OAOH,rather than P2 (whose address is OAOH). 


Note that stack operations are examples of indirect ad- 
dressing, so the upper 128bytes of data RAM are avail- 
able as stack space. 


The 
83C51FA 
is Pin-for-Pin 
compatible 
with 
the 
80C5IBH. Port I on the 83C51FA has 8052 functional- 
ity and additionally serves the PCA as shown below. 


Port 
Name 
FuncUon 
Pin 


P1.0 
T2 
External Count Input to Timer 2 
P1.1 
T2EX 
Timer 2 Capture/Rek)ad 
Trigger 
P1.2 
ECI 
External Count Input to the PCA 
P1.3 
CEXO 
External 
I/O for Compare/Capture 


Module 0 
P1.4 
CEX1 
External 
I/O for Compare/Capture 


Module 
1 
P1.5 
CEX2 
External I/O for Compare/Capture 
Module 2 
P1.6 
CEX3 
External 
I/O for Compare/Capture 
Module 3 
P1.7 
CEX4 
External 
I/O for Compare/Capture 


Module 4 


P1.0/T2 
may be used as an external count input to 


Timer 2. 


Pl.1/T2EX 
can be used to trigger a capture if Timer 2 


is in the Capture Mode, or to trigger a reload if Timer 2 
is in the Auto-Reload Mode and DCEN is set to O. 
T2EX can also control the count direction if Timer 2 is 
in the Auto-Reload Mode and DCEN set to I. Finally, 
T2EX can be used as an external interrupt if Timer 2 is 
being used as a baud-rate generator. 


PI.21ECI takes the external signal to the PCA counter. 
The frequency of the external signal is limited to one 
eighth of the oscillator frequency or less. The PCA 
count is incremented every time the ECI pin makes a 
1-0 transition. 


P1.3 through PI.7/CEXn 
functions depend on the con- 


figuration 
of their corresponding 
Compare/Capture 


modules in the PCA. They can be configured to be a 
rising edge, falling edge, or an "either edge" trigger 
input to a Compare/Capture 
module. They can also be 


high speed outputs which toggle every time the PCA 
count matches the value in the corresponding Com- 
pare/Capture 
register. Finally, any of these pins can be 


configured as an 8-bit Pulse Width Modulated (PWM) 
output. In the PWM mode, the pin will be in the logical 
"0" state for a programmable length of time, and will 
be in the logical "I" 
state for the remainder of the 


PWM duty cycle. The PWM duty cycle is variable be- 
tween 1/256 and 256/256. 


Detailed descriptions of the functions of the PCA pins 
can also be found in section 1.2, PCA feature descrip- 
tion. 


The 83C51FA provides 7 interrupt 
sources. Five of 


them (INTO/ and INTI/, 
Timer 0 and Timer I, and 


the Serial Port) are identical with those provided in the 
80C51BH. The 83C51FA also provides a Timer 2 inter- 
rupt which is identical with the Timer 2 interrupt in the 
8052, and a PCA interrupt which is only found in the 
83C51FA. These interrupt sources are shown in Figure 
12. 
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CCFn~ECGFn 


~:-----------D"""-------------- 


TF2 
D 
EXF2'----------- 
•...•-------------- 


The Timer 2 interrupt 
is generated by the logical OR of 


TF2 
and EXF2. 
Neither 
of these flags is cleared 
by 


hardware 
when the service routine 
is vectored 
to. In 


fact, the service routine may have to determine 
whether 


it was TF2 or EXF2 
that generatt,d 
the interrupt, 
and 


the bit will have to be cleared in software. 


The PCA interrupt 
is generated 
by the logical OR of 


CF, CCFO, CCFl, 
CCF2, CCF3, 
and CCF4. 
None of 


these flags is cleared by hardware 
when the service rou- 


tine is vectored to. In fact, normally 
the service routine 


will have to determine 
which bit flagged the interrupt 


and clear that bit in software. 


All of the bits that 
generate 
interrupts 
can be set or 
cleared in software, 
with the same result as though 
it 
had been set or cleared by hardware. 
That is, interrupts 
can be generated or pending interrupts 
can be cancelled 


in software. 


Each of these interrupt 
sources can be individually 
en- 
abled or disabled by setting or clearing a bit in Special 
Function 
Register 
IE (Figure 
13). Note that 
IE also 
contains 
a global disable bit, EA. If EA is set (I), the 
interrupts 
are individually 
enabled or disabled by their 
corresponding 
bits in IE. If EA is clear (0), all inter- 
rupts are disabled. 


EA 
EC 
~~~_E_S_ 


Address = OA8H 


ET1 
EX1 
ETO 


Reset Value = OOOOOOOOB 


Symbol 
Position 
Function 


EA 
IE? 
Disables all interrupts. 
If EA = 0, all interrupts 
are disabled. 
If 
EA = 1, each interrupt can be individually 
enabled 
or disabled 
by setting or clearing 
its enable bit. 


EC 
IE6 
Enables or disables the PCA interrupt. 
EC = 1 enables 
it. 


EC = 0 disables 
it. 


ET2 
IE5 
Enables or disables the Timer 2 interrupt. 
ET2 = 1 enables 
it. 


ET2 = 0 disables 
it. 


ES 
IE.4 
Enables or disables the Serial Port interrupt. 
ES = 1 enables 
it. ES = 0 disables 
it. 


ET1 
IE3 
Enables or disables the Timer 1 interrupt. 
ET1 = 1 enables 
it. 


ET1 = 0 disables 
it. 


EX1 
IE2 
Enables or disables 
External 
Interrupt 
1. EX1 = 1 enables 
it. 


EX1 = 0 disables 
it. 


ETO 
IE1 
Enables or disables the Timer 0 interrupt. 
ETO = 1 enables 
it. 


ETO = 0 disables 
it. 


EXO 
IEO 
Enables or disables 
External 
Interrupt O. EXO = 1 enables 
it. 


EXO = 0 disables 
it. 


1:lgure 13. IE: Interrupt 
Enable 
Register 
PRIORITY 
LEVEL STRUCTURE 


Each interrupt source can be individually programmed 
to one of two priority levels by setting or clearing a bit 
in Special Function Register IP (Figure 14). A low- 


priority interrupt can be interrupted by a high-priority 
interrupt, but not by another low-priority interrupt. A 
high-priority interrupt can't be interrupted by any oth- 
er interrupt source. 


PPC 
I~O __p_s_ 


Address = OB8H 


PT1 
PX1 
PTO 


Reset Value = XOOOOOOOB 


Symbol 
Position 
Function 
- 
IP.? 
Not implemented, 
reserved 
for future use. • 


PPC 
IP.6 
Defines the PCA interrupt 
priority level. PPC = 1 programs 
it 
to the high priority level. 


PT2 
IP.5 
Defines the Timer 2 interrupt 
priority level. PT2 = 1 programs 
it to the high priority level. 


PS 
IP.4 
Defines the Serial Port interrupt 
priority level. PS = 1 
programs 
it to the high priority level. 


PT1 
IP.3 
Defines the Timer 1 interrupt 
priority level. PT1 = 1 programs 
it to the high priority level. 


PX1 
IP.2 
Defines the External 
Interrupt 
1 priority level. PX1 = 1 
programs 
it to the high priority level. 


PTO 
IP.1 
Defines the Timer 0 interrupt 
priority level. PTO = 1 programs 
it to the high priority level. 


PXO 
IP.O 
Defines the External 
Interrupt 
0 priority level. PXO = 1 
programs 
it to the high priority level. 


NOTE: 
'User software should not write 1s to reserved bits. These bits may be used in future MCS-51products to invoke new 
features. Inthat case, the reset or inactivevalue of the new bitwillbe 0, and its active value willbe 1. The value read froma 
reserved bit is indeterminate. 


Figure 
14. IP: Interrupt 
Priority 
Register 
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If two interrupts of different priority levels are flagged 
simultaneously, the interrupt request of the higher pri- 
ority level is serviced. If interrupts of the same priority 
level are flagged simultaneously, an internal polling se- 
quence determines which interrupt request is serviced. 
Thus within each priority level there is a second priori- 
ty structure determined by the following polling se- 
quence: 


SOURCE 


I. lEO 


2. TFO 
3. lEI 
4. TFI 
5.PCA 
6. RI+TI 
7. TF2+EXF2 


PRIORITY WITHIN LEVEL 


(highest) 


Note that the "priority within level" structure is only 
used to resolve simultaneous requests of the same prior- 
ity level. 


LOCATION 
OF INTERRUPT 
SERVICE 


ROUTINES 


The Interrupt Control System a;knowledges an inter- 
rupt 
request 
by 
executing 
a 
hardware-generated 
LCALL to the appropriate service routine. The hard- 
ware-generated LCALL pushes the contents of the Pro- 
gram Counter onto the stack (but it does not save the 
PSW) 
and 
reloads 
the 
PC 
with 
the 
starting 


location of the interrupt service routine as shown be- 
low. 


STARTING ADDRESS OF 


SERVICE ROUTINE 


0003H 
OOOBH 
0013H 
001BH 
0023H 
002BH 
0033H 


IEO 
TFO 
IE1 
TF1 
RI+TI 
TF2+EXF2 
PCA 


Execution proceeds from that location until the RETI 
instruction is encountered, which terminates the inter- 
rupt service routine. Note that the starting addresses of 
consecutive interrupt service routines are only 8 bytes 
apart. That means if consecutive interrupts are being 
used (IEO and TFO, for example, or TFO and lEI), and 
if the first interrupt routine is more than 7 bytes long, 
then that routine will have to execute a jump out to 
some other memory location where the service routine 
can be completed without overlapping the starting ad- 
dress of the next interrupt routine. 


Note that, although the polling position of the PCA- 
generated interrupt is higher than that of the Serial 
Port, the starting address of the Serial Port interrupt 
routine is unchanged from the 8051. This is for back- 
wards software compatibility. Similarly, the Timer 2 
interrupt starting address is compatible with the 8052. 
This allows conversion of 8052 (HMOS) designs to the 
83C51FA (CHMOS) with no software modification. 
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SPECIAL 
FUNCTION 
REIGISTERS 
A map of the Special Function 
Register 
(SFR) 
space is 
shown 
in Table 
1. 


User 
software 
should 
not 
write 
Is to these 
unimple- 


mented 
locations, 
since 
they 
may 
be used 
in future 


MCS-51 
products 
to invoke 
new features. 
In that 
case 


the reset or inactive 
values 
of the new bits will always 


be 0, and their active 
values 
will be 1. 


Note that 
not all of the addresses 
are occupied. 
Unoc- 
cupied 
addresses 
are 
not 
implemented 
on 
the 
chip. 
Read 
accesses 
to these addresses 
will in general 
return 
random 
data, and write accesses 
~ ill have no effect. 


CH 
CCAPOH 
CCAP1H 
CCAP2H 
CCAP3H 
CCAP4H 
00000000 
XXl<XXXXX XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 


•B 
00000000 


CL 
CGAPOL 
CCAP1L 
CCAP2L 
CCAP3L 
CCAP4L 
00000000 XX)(XXXXX XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 


•ACC 
00000000 


CCON 
CMOD 
CGAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 


OOXOOOOO OOXXXOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 


•PSW 
00000000 


T2CON 
T2MOD 
RGAP2L 
RCAP2H 
TL2 
TH2 


00000000 XXXXXXXO 
00000000 
00000000 
00000000 
00000000 


•IP 
SADEN 
XOOOOOOO 
00000000 


•P3 
, 


11111111 


• IE 
SADDR 


00000000 
00000000 


•P2 
11111111 


•SCON 
•SBUF 


00000000 XXXXXXXX 


•P1 
11111111 


•TCON 
'TMOD 
•TI.O 
•TL1 
•THO 
•TH1 


00000000 
00000000 
00000000 
00000000 
00000000 
00000000 


•PO 
•SP 
•DPL 
•DPH 
'PCON •• 
11111111 00000111 
00000000 
00000000 
OOXXOOOO 
• = Found in the 8051 core (See 8051 Hardware Description for explanations 
of these SFRs). 


•• = See description of PCON SFR. Bit PCON.4 is not affected 
by reset. 


X = Undefined. 


83C152 
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HA,RDWARE DESCRIPTION 
OF THE 83C152 


The 83C152 Universal Communications Controller is 
an 8-bit microcontroller 
designed for the intelligent 


management of peripheral systems or components. The 
83C152 is a derivative of the 80C51BH and retains the 
same functionality. The 83C152 if. fabricated on the 
same CHMOS III 
process as the 80C5lBH. 
What 


makes the 83C152 different is that it has added func- 
tions and peripherals to the basic 80C51BH architec- 
ture that are supported by new Spedal Function Regis- 
ters (SFRs). These enhancements include: a high speed 
multi-protocol 
serial 
communication 
interface, 
two 


channels for DMA transfers, HOLDIHLDA 
bus con- 


trol, a fifth I/O port, expanded data memory, and ex- 
panded program memory. 


In addition to a standard UART, referred to here as 
Local Serial Channel (LSC), the nC152 
has an on- 


board multi-protocol communication controller called 
the Global Serial Channel (GSC). The GSC interface 
supports SDLC, CSMA/CD, 
user defmable protocols, 


and a subset of HDLC protocols. Tbe GSC capabilities 
include: address recognition, collision resolution, CRC 
generation, flag generation, automatic retransmission, 
and a hardware based acknowledge feature. This high 
speed serial channel is capable of implementing the 
Data Link Layer and the Physical Link Layer as shown 
in the OSI open systems communication model. This 
model can be found in the document "Reference Model 
for 
Open 
Systems 
Interconnection 
Architecture", 


ISO/TC97/SC16 
N309. 


The DMA circuitry consists of two 8-bit DMA chan- 
nels with 
l6-bit addressability. The control signals; 


Read (RD), Write (WR), hold and hold acknowledge 
(HOLD/HLDA) 
are used to acce:iSexternal memory. 


The DMA channels are capable of addressing up to 
64K bytes (16 bits). The destination or source address 
can be automatically incremented. The lower 8 bits of 
the address are multiplexed on the data bus Port 0 and 
the upper eight bits of address will be on Port 2. Data is 
transmitted over an 8-bit address/data bus. Up to 64K 
bytes of data may be transmit,ted for each DMA activa- 
tion. 


The new I/O port (P4) functions the same as Ports 1-3, 
found on the 8OC51BH. 


Internal memory has been doubled in the 83C152. Data 
memory has been expanded to 256 bytes, and internal 
program memory has been expanded to 8K bytes. 


There are also some specific differences between the 
83C152 and the 80C5lBH. The first is that the number- 
ing system between the 83CI52 and the 80C5lBH is 
slightly different. The 83C152 and the 80C51BH are 
factory masked ROM devices. The 80CI52 and the 
80C31BH are ROMless 
devices which require the 


use of external program memory. The second difference 
is that RESET is active low in the 83C152 and active 
high in the 8OC5lBH. This is very important to design- 
ers who may currently be using the 8OC51BHand plan- 
ning to use the 83C152, or are planning on using both 
devices on the same board. The third difference is that 
GFO and GFI, general purpose flags in PCON, have 
been renamed GFIEN 
and XRCLK. GFIEN 
enables 


idle flags to be generated in SDLC mode, and XRCLK 
enables the receiver to be externally clocked. All of the 
previously unused bits are now being used and inter- 
rupt vectors have been added to support the new en- 
hancements. Programmers using old code generated for 
the 8OC51BH will have to examine their programs to 
ensure that new bits are properly loaded, and that the 
new interrupt vectors will not interfere with their pro- 
gram. 


Throughout the rest of this manual the 8OC152and the 
83C152 will be referred to generically as the "C152". 


The C152 is based on the 8OC51BH architecture and 
utilizes the same 8OC51BHinstruction set. Figure 1.1 is 
a block diagram of the C152. Readers are urged to 
compare this block diagram with the 8OC51BH block 
diagram. There have been no new instructions added. 
All the new features and peripherals are supported by 
an extension of the Special Function Registers (SFRs). 
Very little of the information pertaining specifically to 
the 8OC51BH core will be discussed in this chapter. 
The detailed information on such functions as: the in- 
struction set, port operation, timer/counters, 
etc., can 


be found in the MCS<!>-5lArchitecture chapter in the 
Intel Embedded Controller Handbook. Knowledge of 
the 80C5lBH is required to fully understand this man- 
ual and the operation of the C152. To gain a basic un- 
derstanding 
on the operation of the 8OC51BH, the 


reader should familiarize himself with the entire MCS- 
51 chapter of the Embedded Controller Handbook. 


Another source of information that the reader may find 
helpful is Intel's LAN Components User's Manual, or- 
der number 230814. Inside are descriptions of various 
protocols, application examples, and application notes 
dealing with different serial communication 
environ- 


ments. 


2.0 COMPARISON 
OF 80C152 
AND 


80C51 BH FEATURES 


2.1 Memory Space 


A good understanding of the memory space and how it 
is used in the operation of MCS-5l products is essen- 
tial. All the enhancements on the C152 are implement- 
ed by accessing Special Function 
Registers (SFRs), 


added data memory, or added program memory. 
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The following list contains all the SFRs, their names 
and function. All of the SFRs of the BOC5lBH are re- 
tained and for a detailed explanation (Iftheir operation, 
please refer to the chapter, "Hardware Description of 
the B051 and B052" that is found in the Embedded 
Controller Handbook. An overview of the new SFRs is 
found in Section 2.2.J.1, with a detailed explanation in 
Section 3.7 and Section 4.5. 


The following descriptions are quick overviews of the 
new SFRs, and not intended to give a complete under- 
standing of their use. The reader should refer to the 
detailed explanation in Section 3 for the GSC SFRs, 
and Section 4 for the DMA SFRs. 


ADR 0,1,2,3 - (95H, OA5H, OB5H, OC5H) Contains 
the four bytes for address matching during GSC opera- 
tion. 


AMSKO - (OD5H) Selects "don't car.:" bits to be used 
with ADRO. 


AMSKI - (OE5H) Selects "don't care" bits to be used 
with ADRJ. 


BAUD - (94H) Contains the programmable value for 
the baud rate generator for the GSC. The baud rate will 
equal (fosc)/«BAUD+ 
1) X B). 


BCRLO - (OE2H) Contains the low byte of a count- 
down counter that determines when the DMA access 
for Channel 0 is complete. 


BCRHO - (OE3H) Contains the high byte for count- 
down counter for Channel O. 


BCRLI 
- (OF2H) Same as BCRLO except for DMA 
Channel J. 


BCRHI - (OF3H) Same as BCRHO except for DMA 
Channel J. 


BKOFF 
- (OC4H) An 8-bit count-down timer used 
with the CSMA/CD resolution algorithm. 


DARLO - (OC2H) Contains the low byte of the destina- 
tion address for DMA Channel O. 


DARHO - (OC3H) Contains the high byte of the desti- 
nation address for DMA Channel O. 


DARLI 
- (OD2H) Same as DARLO except for DMA 
Channel J. 


DARHI 
- (OD3H) Same as DARHO except for DMA 
Channel J. 


DCONO - (92H) Contains the DeHtination Address 
Space bit (DAS), Increment Destination Address bit 


(IDA), 
Source Address Space bit (SAS), Increment 


Source Address bit (ISA), DMA Channel Mode bit 
(DM), 
Transfer 
Mode bit (TM), 
DMA 
Done 
bit 


(DONE), and the GO bit (GO). DCONO is used to 
control DMA Channel O. 


DCONI 
- (93H) Same as DCONO except this is for 


DMA Channel J. 


GMOD - (B4H) Contains the Protocol bit (PR), the 
Preamble Length (PLI,O), CRC Type (CT), Address 
Length (AL), Mode select (Ml,O), and External Trans- 
mit Clock (TXC). This register is used for GSC opera- 
tion only. 


IENI - (OCBH)Interrupt enable register for DMA and 
GSC interrupts. 


IFS - (OA4H) Determines the number of bit times sepa- 
rating transmitted frames. 


IPNI 
- (OFBH) Interrupt 
priority register for DMA 
and GSC interrupts. 


MYSLOT • (OF5H) Contains the Jamming mode bit 
(DCJ), the Deterministic 
Collision Resolution Algo- 


rithm bit (OCR), and the DCR slot address for the 
GSC. 


P4 - (OCOH)Contains the memory "image" of Port 4. 


PRBS - (OE4H) Contains a pseudo-random number to 
be used in CSMA/CD backotTalgorithms. May be read 
or written to by user software. 


RFIFO - (F4H) RFIFO is used to access a 3-byte FIFO 
that contains the receive data from the GSC. 


RSTAT - (OEBH) Contains the Hardware Based Ac- 
knowledge Enable bit (HABEN), Global Receive En- 
able bit 
(GREN), 
Receive FIFO 
Not 
Empty 
bit 


(RFNE), 
Receive Done bit (RON), 
CRC Error bit 


(CRCE), Alignment Error bit (AE), Receiver Colli- 
sion/ Abort detect bit (RCABT), and the Overrun bit 
(OVR), used with both DMA and GSC. 


SARLO - (OA2H) Contains the low byte of the source 
address for DMA transfers. 


SARHO - (OA3H) Contains the high byte of the source 
address for DMA transfers. 


SARLI - (OB2H) Same as SARLO but for DMA Chan- 
nel J. 


SARHI - (OB3H)Same as SARHI but for DMA Chan- 
nel J. 


SLOTTM - (0B4H) Determines the length of the slot 
time in CSMA/CD. 


TCDCNT - (OD4H) Contains the number of collisions 
in the current frame if using CSMA/CD GSC. 


Old(O)/New(N) 
I~ame 
Addr 
Function 
0 
A 
OEOH 
ACCUMULATOR 
N 
ADRO 
095H 
GSC MATCH ADDRESS 
0 
N 
ADRl 
OA5H 
GSC MATCH ADDRESS 
1 
N 
ADR2 
OB5H 
GSC MATCH ADDRESS 
2 
N 
ADR3 
OC5H 
GSC MATCH ADDRESS 
3 
N 
AMSKO 
OD5H 
GSC ADDRESS 
MASK 0 
N 
AMSKl 
OE5H 
GSC ADDRESS 
MASK 1 
0 
B 
OFOH 
B REGISTER 


N 
BAUD 
094H 
GSC BAUD RATE 


N 
BCRLO 
OE2H 
DMA BYTE COUNT 0 (LOW) 
N 
BCRHO 
OE3H 
DMA BYTE COUNT 0 (HIGH) 


N 
BCRLl 
OF2H 
DMA BYTE COUNT 
1 (LOW) 


N 
BCRHl 
OF3H 
DMA BYTE COUNT 
1 (HIGH) 


N 
BKOFF 
OC4H 
GSC BACKOFF 
TIMER 


N 
DARLO 
OC2H 
DMA DESTINATION 
ADDR 0 (LOW) 
N 
D/IRHO 
OC3H 
DMA DESTINATION 
AD DR 0 (HIGH) 
N 
DARL1 
OD2H 
DMA DESTINATION 
ADDR 1 (LOW) 
N 
D/IRHl 
OD3H 
DMA DESTINATION 
ADDR 1 (HIGH) 
N 
DCONO 
092H 
DMA CONTROL 
0 


N 
DCONl 
093H 
DMA CONTROL 
1 
0 
DPH 
083H 
DATA POINTER 
(HIGH) 
0 
DPL 
082H 
DATA POINTER 
(LOW) 
N 
GMOD 
084H 
GSCMODE 
0 
IE 
OA8H 
INTERRUPT 
ENABLE 
REGISTER 
0 


N 
IEIII1 
OC8H 
INTERRUPT 
ENABLE 
REGISTER 
1 
N 
IFS 
OMH 
GSC INTER FRAME SPACING 
0 
IP 
OB8H 
INTERRUPT 
PRIORITY 
REGISTER 
0 
N 
IPili 1 
OF8H 
INTERRUPT 
PRIORITY 
REGISTER 
1 


N 
MYSLOT 
OF5H 
GSC SLOT ADDRESS 
0 
PO 
080H 
PORTO 


0 
P1 
090H 
PORT 1 
0 
P2 
OAOH 
PORT 2 
0 
P3 
OBOH 
PORT 3 


N 
P4 
OCOH 
PORT 4 


0 
peON 
087H 
POWER CONTROL 


N 
PRBS 
OE4H 
GSC PSEUDO-RANDOM 
SEQUENCE 
0 
PSW 
ODOH 
PROGRAM 
STATUS WORD 


N 
RFIFO 
OF4H 
GSC RECEIVE BUFFER 


N 
RSTAT 
OE8H 
RECEIVE STATUS 
(DMA & GSC) 
N 
SARLO 
OA2H 
DMA SOURCE ADDR 0 (LOW) 


N 
SARHO 
OA3H 
DMA SOURCE ADDR 0 (HIGH) 
N 
SARL1 
OB2H 
DMA SOURCE ADDR 1 (LOW) 
N 
SARHl 
OB3H 
DMA SOURCE ADDR 1 (HIGH) 
0 
SBUF 
099H 
LOCAL SERIAL CHANNEL 
(LSC) BUFFER 
0 
SCON 
098H 
LOCAL SERIAL CHANNEL 
(LSC) CONTROL 


N 
SLOTTM 
OB4H 
GSC SLOT TIME 


0 
SP 
081H 
STACK POINTER 


N 
TCDCNT 
OD4H 
GSC TRANSMIT 
COLLISION 
COUNTER 
0 
TC:::>N 
088H 
TIMER CONTROL 


N 
TFIFO 
085H 
GSC TRANSMIT 
BUFFER 


0 
TH:> 
08CH 
TIMER 0 (HIGH) 


0 
THl 
08DH 
TIMER 1 (HIGH) 


0 
TLO 
08AH 
TIMER 0 (LOW) 


0 
TL"l 
08BH 
TIMER 1 (LOW) 


0 
TMOD 
089H 
TIMER MODE 


N 
TSTAT 
OD8H 
TRANSMIT 
STATUS 
(DMA & GSC) 


inter 


TFIFO - (85H) TFIFO is used to access a 3-byte FIFO 
that contains the transmission data for the GSC. 


TSTAT - (OD8H) Contains 
the DMA 
Service bit 


(DMA), Transmit Enable bit (TEN), Transmit FIFO 
Not Full bit (TFNF), 
Transmit 
Done bit (TDN), 


Transmit Collision Detect bit (TCDT), Underrun bit 
(UR), No Acknowledge bit (NOACK), 
and the Re- 


ceive Data Line Idle bit (LNI). This register is used 
with both DMA and GSC. 


The general purpose flag bits (GFO and GFI) that exist 
on the 80C5IBH are no longer available on the C152. 
GFO has been renamed GFIEN 
(GSC Flag Idle En- 
able) and is used to enable idle fill flags. Also GFI has 
been renamed XRCLK 
(External Receive Clock En- 


able) and is used to enable the receiver to be clocked 
externally. 


Internal data memory consists of 256 bytes as shown in 
Figure 2.1. The first 128 bytes art: addressed exactly 
like an 80C5IBH, using direct addressing. 


OVERLAPPING 


MEMORY 


ADDRESSES 


The addresses of the second 128 bytes of data memory 
happen to overlap the SFR addresses. The SFRs and 
their memory locations are shown in Figure 2.2. This 
means that internal data memory spaces have the same 
address as the SFR address. However, each type of 
memory is addressed differently. To access data memo- 
ry above 80H, indirect addressing or the DMA chan- 
nels must be used. To access the SFRs, direct address- 
ing is used. When direct addressing is used, the address 
is the source or destination, e.g. MOV A, IOH, moves 
the contents of location IOH into the accumulator. 
When indirect addressing is used, the address of the 
destination or source exists within another register, e.g. 
MOV A, @RO.This instruction moves the contents of 
the memory location addressed by ROinto the accumu- 
lator. Directly addressing the locations 80H to OFFH 
will access the SFRs. Another form of indirect address- 
ing is with the use of Stack Pointer Operations. If the 
Stack Pointer contains an address and a PUSH or POP 
instruction is executed, indirect addressing is actually 
used. Directly accessing an unused SFR address will 
give undefined results. 


Physically, there are separate SFR memory and data 
memory spaces allocated on the chip. Since there are 
separate spaces, the SFRs do not diminish the available 
data memory space. 


'NOTE: 
User data 
memory 
above 
80H 
must be addressed 
indirectly. 
Using 
direct 
addressing 
above 
80H accesses 
the Special 


Function 
Registers. 


Figure 2.1. Data Memory 
Map 


8-5 


External data memory is accessed like an SOC5IBH, 
with "MOVX" instructions. Addresses up to 64K may 
be accessed when using the Data Pointer 
(DPTR). 


When accessing external data memory with the DPTR, 
the address appears on Port 0 and 2. When using the 
DPTR, if less than 64K of external data memory is 
used, the address is emitted on all sixteen pins. This 
means that when using the DPTR, the pins of Port 2 
not used for addresses cannot be used for general pur- 
pose I/O. An alternative to using 16-bit addresses with 
the DPTR is to use RO or Rl to address the external 
data memory. When using the registers to address ex- 
ternal data memory, the address range is limited to 256 
bytes. However, software manipulation of I/O Port 2 
pins as normal I/O, allows this 256 bytes restriction to 
be expanded via bank switching. When using ROor Rl 
as data pointers, Port 2 pins that are not used for ad- 
dressing, can be used as general purpose I/O. 
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The C152 has several memory spaces in which the bits 
are directly addressed by their location. The directly 
addressable bits and their symbolic names are shown in 
Figure 2.3A, 2.3B, and 2.3C. 


Bit addresses 0 to 7FH reside in on-board user data 
RAM in byte addresses 20H to 2FH (see Figure 2.3A). 


Bit addresses SOHto OFFH reside in the SFR memory 
space, but not every SFR is bit addressable, see Figure 
2.3B. The addressable bits are scattered throughout the 
SFRs. The addressable bits occur every eighth SFR ad- 
dress starting at SOHand occupy the entire byte. Most 
of the bits that are addressable in the SFRs have been 
given symbolic names. These names will often be re- 
ferred to in this or other documentation on the C152. 
Most assemblers also allow the use of the symbolic 
names 
when 
writing 
in assembly language. 
These 


names are shown in Figure 2.3C. 
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WR 
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TO 
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INTO 
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DAS 
lOA 
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!SA 
OM 
TIl 
DONE 
GO 


DAS 
IDA 
SAS 
lSA 
OM 
TIl 
DONE 
GO 


RrnA 
Hili 
IfXC 
T'XC 
O£N 
GTXO 
GRXO 


'I, 


GATE 
CfT 
Ml 
MO 
GATE 
CfT 
Ml 
MO 


TF1 
TRI 
TFO 
TRO 
lEI 
ITI 
IEO 
ITO 


SMOO 
ARB 
REQ 
GAREN XRCLK 
GFIEN 
PO 
IDL 


CLK 
MI 
MO 
AL 
CT 
PLl 
PLO 
PR 


I 


ADR2 


SLOTTM 


SARHI 


SARLI 


(0)P3 


(0) IE 


AORI 
IFS 


SARHO 


SARLO 


SBUF 
(o)SCON 


ADRO 


BAUD 


OCONI 


OCONO 


THI 
THO 


TLI 


TLO 


TIlOD 
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SP 
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inter 


Byte 
BIT ADDRESSES 


Address 
(MSB) 
(LSB) 


020H 
07 
06 
05 
04 
03 
02 
01 
00 


021H 
OF 
OE 
00 
OC 
OB 
OA 
09 
08 


022H 
17 
16 
15 
14 
13 
12 
11 
10 


023H 
1F 
1E 
10 
1C 
1B 
1A 
19 
18 


024H 
27 
~~6 
25 
24 
23 
22 
21 
20 


025H 
2F 
~~E 
20 
2C 
2B 
2A 
29 
28 


026H 
37 
::16 
35 
34 
33 
32 
31 
30 


027H 
3F 
::lE 
3D 
3C 
3B 
3A 
39 
38 


028H 
47 
46 
45 
44 
43 
42 
41 
40 


029H 
4F 
~E 
40 
4C 
4B 
4A 
49 
48 


02AH 
57 
£i6 
55 
54 
53 
52 
51 
50 


02BH 
5F 
EiE 
50 
5C 
5B 
5A 
59 
58 


02CH 
67 
E.6 
65 
64 
63 
62 
61 
60 


020H 
6F 
EiE 
60 
6C 
6B 
6A 
69 
68 


02EH 
77 
i'6 
75 
74 
73 
72 
71 
70 


02FH - 
7F 
i'E 
70 
7C 
7B 
7A 
79 
78 


Byte 
BIT ADDRESSES 


Address 
(MSB) 
(LSB) 


080H 
87 
86 
85 
84 
83 
82 
81 
80 
(PO) 


088H 
8F 
8E 
80 
8C 
8B 
8A 
89 
88 
(TCON) 


090H 
97 
96 
95 
94 
93 
92 
91 
90 
(P1) 


098H 
9F 
9E 
90 
9C 
9B 
9A 
99 
98 
(SCON) 


OAOH 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 
(P2) 


OA8H 
AF 
- 
- 
AC 
AB 
AA 
A9 
A8 
(IE) 


OBOH 
B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 
(P3) 


OB8H 
- 
- 
- 
BC 
BB 
BA 
B9 
B8 
(IP) 


OCOH 
C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 
(P4) 


OC8H 
- 
- 
CO 
CC 
CB 
CA 
C9 
C8 
(IEN1) 


OOOH 
07 
06 
05 
04 
03 
02 
01 
DO 
(PSW) 


008H 
OF 
DE 
DO 
DC 
DB 
OA 
09 
08 
(TSTAT) 


OEOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
(A) 


OE8H 
EF 
EE 
ED 
EC 
EB 
EA 
E9 
E8 
(RSTAT) 


OFOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
(B) 


OF8H 
- 
- 
FO 
FC 
FB 
FA 
F9 
F8 
(IPN1) 


Byte 
SYMBOLIC 
NAME BIT MAP 
Address 
(MSB) 
(LSB) 


080H 
PO.? 
PO.6 
PO.5 
POA 
PO.3 
PO.2 
PO.1 
PO.O 
(PO) 


088H 
TF1 
TA1 
TFO 
TAO 
IE1 
IT1 
IEO 
ITO 
(TCON) 


090H 
P1.? 
P1.6 
P1.5 
P1A 
P1.3 
P1.2 
P1.1 
P1.0 
(P1) 


098H 
SMO 
SM1 
SM2 
AEN 
TB8 
AB8 
TI 
AI 
(SCON) 


OAOH 
P2.? 
P2.6 
P2.5 
P2A 
P2.3 
P2.2 
P2.1 
P2.0 
(P2) 


OA8H 
EA 
- 
- 
ES 
ET1 
EX1 
ETO 
EXO 
(IE) 


OBOH 
P3.? 
P3.6 
P3.5 
P3A 
P3.3 
P3.2 
P3.1 
P3.0 
(P3) 


OB8H 
- 
- 
- 
PS 
PT1 
PX1 
PTO 
PXO 
(IP) 


OCOH 
P4.? 
P4.6 
P4.5 
P4A 
P4.3 
P4.2 
P4.1 
P4.0 
(P4) 


OC8H 
- 
- 
EGSTE 
EOMA1 
EGSTV 
EOMAO 
EGSAE 
EGSAV 
(IEN1) 


OOOH 
CY 
AC 
FO 
AS1 
ASO 
OV 
- 
P 
(PSW) 


008H 
LNI 
NOACK 
UA 
TCOT 
TON 
TFNF 
TEN 
OMA 
(TSTAT) 


OEOH 
(A) 


OE8H 
OVA 
ACABT 
AE 
CACE 
AON 
AFNE 
GAEN 
HABEN 
(ASTAT) 


OFOH 
(B) 


OF8H 
- 
- 
PGSTE 
POMA1 
PGSTV 
POMAO 
PGSAE 
PGSAV 
(IPN1) 


The 83Cl52 contains 8K of ROM program memory. 
and the 8OCl52 uses only external program memory. 
Figure 2.4 shows the program memory locations and 
where they reside. The user is allowed a maximum of 
64K of program 
memory. In tile 83Cl52 
program 


memory fetches beyond 8K automatically access exter- 
nal program memory. When program memory is exter- 
nally addressed, all of the Port 2 pins emit the address. 
Since all of Port 2 is affected by the address, unused 
address pins cannot be used as normal I/O ports even if 
less than 64K of memory is being accessed. 


EXTERNAL 
If 
EA = 0 


INTERNAL 
IF EA = 1 


L- 
--' 
OOOOH 
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added SFRs are IENI (C8H) for enabling the inter- 
rupts and IPNI (F8H) for setting the priority. For an 
explanation on how the priority of interrupts affects 
their operation please refer to the MCS-5I Architecture 
and Hardware Chapters in the Intel Embedded Con- 
troller Handbook. 


The CI52 retains all fiveinterrupts of the 80C5IBH. In 
addition, six new interrupts have bem added for a total 
of II available interrupts. Two SFRs have been added 
to the CI52 for control of the new interrupts. These 


IEN1 FUNCTIONS 


Symbol 
Position 
Vector 
Function 
- 
IEN1.7 
RESERVED 
and do not exist on chip. 
- 
IEN1.6 
RESERVED 
and do not exist on chip. 


EGSTE 
IEN1.5 
04BH 
GSC TRANSMIT 
ERROR-If 
TST AT.O (DMA) is cleared, the 


interrupt 
service routine at 4BH is invoked when TST AT.6 


(NOACK) 
or TST ATA (TCDT) is set and EGSTE is enabled. 
If 
TST AT.O (DMA) is set, the interrupt 
service routine will be 


invoked when the TSTAT.5 
(UR) is set and EG$TE 
is enabled. 


EDMA1 
IEN1.4 
0!53H 
DMA CHANNEL 
REQUEST 
1- The interrupt 
service routine 


at53H is invoked when DCON1.1 
(DONE) is set and EDMA1 is 


enabled. 


EGSTV 
IEN1.3 
043H 
GSC TRANSMIT 
VALID-If 
TSTAT.O (DMA) is cleared, the 


interrupt 
service routine at 43H is invoked when TSTAT.2 


(TFNF) is set and EGSTV is enabled. 
If TST AT.O (DMA) is set, 
the interrupt 
service routine will be invoked when TSTAT.3 


(TON) is set and EGSTV is enabled. 


EDMAO 
IEN1.2 
0:3BH 
DMA CHANNEL 
REQUEST 
0- 
The interrupt 
service routine 


at 3BH will be invoked when DCONO.1 (DONE) is set and 
EDMAO is enabled. 


EGSRE 
IEN1.1 
0.33H 
GSC RECEIVE 
ERROR-The 
interrupt 
service routine at 33H 


will be invoked when RSTATA 
(CRCE), RSTAT.7 
(OVR), 
RSTAT.6 
(RCABT), or RSTAT.5 
(AE), is set and EGSRE is 


enabled. This functions 
the same whether 
or not TSTAT.O 


(DMA) is set. 


EGSRV 
IEN1.0 
0;2BH 
GSC RECEIVE 
VALID-If 
TSTAT.O (DMA) is cleared, the 


interrupt 
service routine at 2BH will be invoked when RSTAT.2 


(RFNE) is set and EGSRV is enabled. 
If TSTAT.O (DMA) is 


set, the interrupt 
service routine will be invoked when 


RSTAT.3 
(RON) is set and EGSRV is enabled. 


IPNI is used the same way the current 80C5IBH interrupt priority register (IP) is. By assigning a "I" to the 
appropriate bit, that interrupt has a nigher priority than an interrupt with a "0" assignedto it in the priority register. 


Symbol 
Position 
Function 


PGSTE 
IPN1.5 
GSC TRANSMIT 
ERROR 


PDMA1 
IPN1A 
DMA CHANNEL 
REQUEST 
1 


PGSTV 
IPN1.3 
GSC TRANSMIT 
VALID 


PDMAO 
IPN1.2 
DMA CHANNEL 
REQUEST 
0 


PGSRE 
IPN1.1 
GSC RECEIVE ERROR 


PGSRV 
IPN1.0 
GSC RECEIVE VALID 


Priority 
Priority 
Interrupt 
Interrupt 


Priority 
Symbolic 
Symbolic 
Symbolic 
Symbolic 
Vector 
Sequence 
Address 
Name 
Address 
Name 
Address 


1 
IP.O 
PXO 
IEO 
EXO 
03H 


2 
IPN1.0 
PGSRV 
IEN1.0 
EGSRV 
2BH 


3 
IP.1 
PTO 
IE1 
ETO 
OBH 
4 
IPN1.1 
PGSRE 
IEN1.1 
EGSRE 
33H 
5 
IPN1.2 
PDMAO 
IEN1.2 
EDMAO 
3BH 
6 
IP.2 
PX1 
IE2 
EX1 
13H 
7 
IPN1.3 
PGSTV 
IEN1.3 
EGSTV 
43H 
8 
IPN1A 
PDMA1 
IEN1A 
EDMA1 
53H 
9 
IP.3 
PT1 
IE3 
ET1 
1BH 
10 
IPN1.5 
PGSTE 
IEN1.5 
EGSTE 
4BH 
11 
IPA 
PS 
lEA 
ES 
23H 


RESET performs the same operations in both the 80C51BH and the C152 and those conditions that exist at the end 
of a valid RESET are: 


Register 
Contents 
Register 
Contents 


ACC 
OOH 
PO-P4 
OFFH 
ADRO-3 
OOH 
PCON 
OXXXOOOOB 
AMSKO 
OOH 
PRBS 
OOH 
AMSK1 
OOH 
PSW 
OOH 
B 
OOH 
RFIFO 
INDETERMINATE 
BAUD 
OOH 
RSTAT 
OOOOOOOOB 
BCRHO 
INDETERMINATE 
SARHO 
INDETERMINATE 
BCRH1 
INDETERMINATE 
SARH1 
INDETERMINATE 
BCRLO 
INDETERMINATE 
SARLO 
INDETERMINATE 
CRL1 
INDETERMINATE 
SARL 1 
INDETERMINATE 
BKOFF 
INDETERMINATE 
SBUF 
INDETERMINATE 
DARHO 
INDETERMINATE 
SCON 
OOH 
DARH1 
INDETERMINATE 
SLOTTM 
OOH 
DARLO 
INDETERMINATE 
SP 
07H 
DARL1 
INDETERMINATE 
TCDCNT 
INDETERMINATE 
DCONO 
OOH 
TCON 
OOH 
DCON1 
OOH 
TFIFO 
INDETERMINATE 
DPTR 
OOOOH 
THO 
OOH 
GMOD 
XOOOOOOOB 
TH1 
OOH 
IE 
OXXOOOOOB 
TLO 
OOH 
IEN1 
XXOOOOOOB 
TL1 
OOH 
IFS 
OOH 
TMOD 
OOH 
IP 
XXXOOOOOB 
TSTAT 
XXOO0100B 
IPN1 
XXOOOOOOB 
PC 
OOOOH 
MYSLOT 
OOOOOOOOB 


inter 


The same conditions apply for both the 80C51BH and 
C152 for a correct reset pulse or "power-on" reset ex- 
cept that Reset is active low on the C152. Please refer 
to the 8051/52 Hardware Description Chapter of the 
Intel Embedded Controller Handbook for an explana- 
tion on how to provide a proper power-on reset. Since 
Reset is active low on the C152, th~ resistor should be 
tied to VCC and the capacitor should be tied to VSS. 


Because the clocking on part of the GSC circuitry is 
independent of ~rocessor 
clock, data may still be 
transmitted and DEN active for some time after reset is 
applied. The transmission may continue for a maxi- 
mum of four machine cycles after reset is first pulled 
low. Although Reset has to be held low for only three 
machine cycles to be recognized by the GSC hardware, 
all of the GSC circuitry may not be reset until four 
machine cycles have passed. If it is important in the 
user application that all transmis:;ion and DEN be- 
comes inactive at the end of a re!;et, then Reset will 
have to be held low for a minimum of four machine 
cycles. 


Port 
4 operation 
is identical 
to Ports 
1-3 on the 
8OC5lBH. The description of port operation can be 
found in the 8051/52 Hardware Deicription Chapter of 
the Intel Embedded Controller Handbook. 


The 80C51BH and C152 have the same pair of 16-bit 
general purpose timer/counters. 
The user should refer 
to the Intel Embedded Controller Handbook which de- 
scribes the timer/counters 
and t~eir use. The user 
should bear in mind, when reading the Intel Embedded 
Controller Handbook that the C152 does not have the 
third event timer named Timer 2, which is in the 8052. 


The 83C152 is packaged in a 48 pin DIP and a 68 lead 
PLCC. This differs from the 40 pin DIP and 44 pin 
PLCC of the 8OC51BH. The larger package is required 
to accommodate the extra 8 bit I/O port (P4). Figure 
2.5A and 2.5B show the packages and the pin names. 


(GRXD) PI.O 


(GTXD) Pl.l 


(DEN) 
P1.2 


(TXC) 
P1.3 


(RXC) 
P1.~ 


(HLD) 
P1.5 


(HLDA) 
P1.6 


P1.7 


R'Em 


(RXD) 
P3.0 


(TXD) 
P3.1 


(INTO) 
P3.2 


(INTl) 
P3.3 


I 
(TO) PH 
(n) 
P3.5 


(WR) 
P3.6 


(RD) 
P3.7 


(A/DO) 
PO.O 


(A/Dl) 
PO. I 


(A/D2) 
PO.2 


(A/D3) 
PO.3 


XTAL2 


XTAL1 


Vss 


Vcc 


P~.O 
P~.l 


P~.2 
P~.3 
P~.~ 
P~.5 
P~.6 
P~.7 


EA 


ALE 


PSEN 


P2.7 
(AI5) 


P2.6 
(Al~) 


P2.5 
(AI3) 


P2.~ 
(AI2) 


P2.3 
(All) 


P2.2 
(AIO) 


P2.1 
(A9) 


P2.0 
(AB) 


PO.7 
(A/D7) 


PO.6 
(A/D6) 


PO.5 
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PO.~ 
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Pl.6 
11) 
P4.5 


Pl.7 
11 
P4.6 


N.C. 
1:/ 
P4.7 


RESET 
1.1 
N.C. 


P3.D 
1-1 
EA 


P3.1 
1!> 
ALE 


P3.2 
11; 
PSEN 


N.C. 
1'1 
N.C. 
80C152 
P3.3 
1:1 
83C152 
N.C. 


P3.4 
1'l 
N.C. 


N.C. 
N.C. 


N.C. 
N.C. 


N.C. 
P2.7 


P3.S 
P2.6 
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P3.7 
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Figure 2.58. PLCC Pin Out 


2.7 Pin Description 


The pin description 
for the 80C5IBH 
also applies to the Cl52 
and is listed below. Changes have been made to the 


descriptions as they apply to the C152. 


PIN DESCRIPTION 


Pin 
Description 
Name 


VSS 
Circuit ground potential. 


VCC 
Supply voltage 
during normal, Idle, and Power down operation. 
Nominally + 5V 


±10%. 


XTAL1 
Input to the inverting 
oscillator 
amplifier. 
Also serves as the input for using an 


external 
clock signal. 


XTAL2 
Output from the oscillator 
amplifier. 


PORTO 
Port 0 is an 8-bit open drain bi-directionall/O 
port. Port 0 pins that have 1s written to 


them float and in that state can be used as high-impedance 
inputs. Port 0 is also the 
multiplexBd 
low-order 
address and data bus during accesses 
to external 
Program 
and Data Memory. 
In this application 
it uses strong internal 
pullups when emitting 
1s. Port 0 also outputs the code bytes during program verification 
in the 83C152. 


External pullups are required during program verification. 


PORT 1 
Port 1 is an 8-bit bi-directionall/O 
port with internal pull ups. Port 1 pins that have 1s 
written to them are pulled high by the internal 
pullups, and in that state can be used 
as inputs. As inputs, Port 1 pins that are externally 
being pulled low will source 
current b13cause of the internal 
pullups. Port 1 also has the following 
special 


functions 
and for the special functions 
to operate 
a "1" 
has to be written to that pin 
first. 


Pin 
Description 
Name 


Port 
Alternate 
Function 


1.0 
GSC receiver data input (GR x D) 


1.1 
GSC transmitter 
data output (GT x D) 


1.2 
Drive Enable to enable external drivers (DEN) 


1.3 
GSC external transmit 
clock input (T x C) 


1.4 
GSC external 
receive clock input (R x C) 


1.5 
DMA hold request I/O (HOLD) 


1.6 
DMA hold acknowledge 
I/O (HLDA) 


1.7 
none 


PORT 2 
Port 2 is an E,-bit bi-directionall/O 
port with internal pull ups. Port 2 pins that have 1s 
written to the,m are pulled high by the internal pullups, and in that state can be used 
as inputs. As inputs, Port 2 pins that are externally 
being pulled low will source 


current because 
of the internal 
pull ups. Port 2 emits the high-order 
address 
byte 


during fetchEis from external 
program 
memory and during accesses 
to external 
Data 
Memory that use 16-bit addresses 
(MOVX @DPTR). In this application 
it uses strong 


internal 
pullups when emitting 
1s and cannot be used as inputs. During accesses 
to 
external 
Data Memory that use 8-bit addresses 
(MOVX @Ri), Port 2 emits the 


contents 
of the P2 SFR. Port 2 receives 
the high-order 
address 
bits during program 
verification 
of the ROM device. 


PORT 3 
Port 3 is an EI-bit bi-directionall/O 
port with internal pullups. Port 3 pins that have 1s 
written to them are pulled high by the internal 
pullups, and in that state can be used 
as inputs. As inputs, Port 3 pins that are externally 
pulled low will source current 


because 
of t1e pullups. Port 3 also has the following 
special functions 
and for the 
special functions 
to operate that pin must be programmed 
to a "1" first. 


Port 
Alternate 
Function 


3.0 
RXD (LSC serial data input port) 


3.1 
TXD (LSC serial data output port) 


3.2 
INTO (external 
interrupt 
0) 


3.3 
INT1 (external 
interrupt 
1) 


3.4 
TO (Timer 0 external 
input) 


3.5 
T1 (Timer 1 external 
input) 


3.6 
WR (external 
data memory write strobe) 


3.7 
RD (external 
data memory read strobe) 


PORT 4 
Port 4 is an £I-bit bi-directionall/O 
port with 40 internal pullups. Port 4 pins that have 
1s written to them are pulled high by the internal pullups, and in that state can be 
used as inputs. As inputs, Port 4 pins that are externally 
pulled low will source 


current because of the pullups. Port 4 also receives 
the low-order 
address 
bytes 


during program verification 
in the 83C152. 


RESET 
Reset input. A low level on this pin for two machine 
cycles while the oscillator 
is 


running resets the device. An internal diffused 
resistor to VCC permits 
Power-On 
reset using c,nly an external capacitor 
to VSS. 


EA 
External Access 
enable. EA must be externally 
held low in order to enable the 


device to fetch code from external 
Program Memory locations 
OOOOHto 1FFFH. 


ALE 
Address 
Latt;h Enable output pulse for latching the low byte of the address during 
accesses 
to external 
memory. 
In normal operation 
ALE is emitted 
at a constant 
rate 
of % the oscillator 
frequency, 
and may be used for external timing or clocking 


purposes. 
N,)te, however, 
that one ALE pulse is sk!eP.ed during each access to 


external 
Data Memory. 
(Including 
DMAs where no RD/WR 
generated 
for internal 


source/ destination.) 


PSEN 
Program Store Enable is the read strobe to external 
Program Memory. When the 


C152 is executing 
code from external 
Program Memory, 
PSEN is activated 
twice 


each machine 
cycle, except that two PSEN activations 
are skipped during each 
access to external 
Data Memory. 
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Both of these operations function identically as in the 
8OC51BH. Application Note 2~;2,"Designing with the 
8OC51BH" gives"an excellent explanation on the use of 
the reduced power consumption modes. Some of the 
items not covered in AP-252 art: the considerations that 
are applicable when using the GSC or DMA in con- 
junction with the power saving modes. 


The GSC continues to operate normally in Idle as long 
as the interrupts are enabled. Tb.einterrupts need to be 
enabled, so that the CPU can service the FIFO's and 
terminate transmission or reception when appropriate. 
After servicing the GSC, user software will need to 
again invoke the Idle comman:! as the CPU does not 
automatically re-enter the Idle mode after servicing the 
interrupts. 


The GSC does not operate whiI: in Power Down so the 
steps required prior to enterinl~ Power Down become 
more complicated. The sequem:e when entering Power 
Down and the status of the I/O is of major importance 
in preventing damage to the Cl52 or other components 
in the system. Since the only way to exit Power Down 
is with a Reset, several problem areas become very sig- 
nificant. Some of the problems that merit careful con- 
sideration are cases where the Power Down occurs dur- 
ing the middle of a transmission, and the possibility 
that other stations are not or cannot enter this same 
mode. The state of the GSC 110 pins becomes critical 
and the GSC status will need to be saved before power 
down is entered. There will also need to be some meth- 
od of identifying to the CPU that the following Reset is 
probably not a cold start and that other stations on the 
link may have already been inii;ialized. 


The DMA circuitry stops operation in both Idle and 
Power Down modes. Since operation is stopped in both 
modes, the process should be similar in each case. Spe- 
cific steps that need to be taken include: notification to 
other devices that DMA operation is about to cease for 
a particular 
station or netwe,rk, proper withdrawal 


from DMA operation, and sHving the status of the 
DMA channels. Again, the stai,uSof the I/O pins dur- 
ing Power Down needs careful. consideration to avoid 
damage to the Cl52 or other components. 


Port 4 returns to its input state, which is high level 
using weak pullup devices. 


The Local Serial Channel (LSC) is the name given to 
the UART 
that exists on all MCS-5l 
devices. The 


LSC's function and operation is exactly the same as on 
the 8OC5lBH. For a description on the use of the LSC, 
refer to the 8051/52 Hardware Description Chapter in 
the Intel Embedded Controller Handbook, under Serial 
Interface. 


The Global Serial Channel (GSC) is a multi-protocol, 
high performance serial interface targeted for data rates 
up to 2 MBPS with on-chip clock recovery, and 2.4 
MBPS using the external clock options. In applications 
using the serial channel, the GSC implements the Data 
Link Layer and Physical Link Layer as described in the 
ISO reference model for open systems interconnection. 


The GSC is designed to meet the requirements of a 
wide range of serial communications applications and is 
optimized to implement 
Carrier-Sense 
Multi-Access 


with Collision Detection (CSMA/CD) 
and Synchro- 


nous Data Link Control (SDLC) protocols. The GSC 
architecture is also designed to provide flexibility in de- 
fining non-standard protocols. This provides the ability 
to retrofit new products into older serial technologies, 
as well as the development of proprietary interconnect 
schemes for serial backplane environments. 


The versatility of the GSC is demonstrated by the wide 
range of choices available to the user. The various 
modes of operation are summarized in Table 3.1. In 
subsequent sections, each available choice of operation 
will be explained in detail. 


In using Table 3.1, the parameters listed vertically (on 
the left hand side) represent an option that is selected 
(X). The parameters listed horizontally (along the top 
of the table) are all the parameters that could theoreti- 
cally be selected (Y). The symbol at the junction of 
both X and Y determines the applicability of the option 
Y. 


Note, that not all combinations are backwards compati- 
ble. For example, Manchester encoding requires half 
duplex, but half duplex does not require Manchester 
encoding. 


ADDRESS 
DAT,~ 
DU· 
ACKNOW· 
RECOG· 
PRE· 
ENCODING 
FLAGS 
CRC 
PLEX 
LEDGE 
NITION 
BACKOFF 
AMBLE 


M 
N 
N 
0 
1 
N 
1 
3 
H 
F 
N 
H 
U 
N 
8 
1 
N 
A 
D 
N 
8 
A 
R 
R 
1 
1 
0 
6 
2 
A 
U 
0 
A 
S 
0 
B 
6 
0 
L 
E 
0 
B 
N= NOT AVAILABLE 
N 
Z 
Z 
1 
/ 
N 
B 
B 
L 
L 
N 
R 
E 
N 
I 
B 
R 
T 
T 
N 
I 
M = MANDATORY 
C 
I 
1 
I 
E 
I 
I 
F 
L 
E 
D 
R 
E 
T 
I 
M 
'E 
E 
E 
T 
0= 
OPTIONAL 
H 
1 
D 
T 
T 
W 
D 
/ 
T 
A 
R 
R 
P = NORMALLY PREFERRED 
E 
1 
L 
C 
A 
A 
E 
A 
L 
N 
M 
X~N/A 
S 
1 
E 
C 
U 
R 
F 
L 
A 
I 
T 
0 
I 
T 
E 
I 
L 
T 
N 
E 
T 
0 
N 
E 
I 
R 
E 
S 


D 
T 
I 
C 


DATA ENCODING: 


MANCHESTER(CSMAlCD) 
X 
N 
N 
1 
P 
1 
0 
0 
M 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
N 
0 


NRZI (SDLC) 
N 
X 
N 
P 
1 
1 
0 
0 
0 
0 
0 
N 
P 
0 
0 
0 
N 
N 
N 
0 
0 


NRZ (EXT CLK) 
N 
N 
X 
0 
0 
1 
0 
0 
0 
0 
0 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 


FLAGS:01111110 
(SDLe) 
N 
P 
0 
X 
1 
1 
0 
0 
0 
0 
0 
N 
P 
0 
0 
0 
N 
N 
N 
0 
0 


11/IDLE 
P 
N 
0 
1 
X 
1 
0 
0 
0 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 


CRC:NONE 
1 
1 
1 
1 
1 
X 
N 
N 
1 
N 
1 
1 
1 
1 
1 
1 
N 
N 
N 
1 
1 


16-BITCCITI 
0 
0 
0 
0 
0 
N 
X 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


32-BIT AUTODIN II 
0 
0 
0 
0 
0 
N 
N 
X 
0 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


DUPLEX:HALF 
0 
0 
0 
0 
0 
1 
0 
0 
X 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


FULL 
N 
0 
0 
M 
N 
N 
M 
N 
N 
X 
0 
N 
P 
0 
0 
0 
N 
N 
N 
0 
0 


ACKNOWLEDGEMENT:NONE 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
X 
N 
N 
0 
0 
0 
0 
0 
0 
0 
0 


HARDWARE 
0 
N 
N 
N 
0 
1 
0 
0 
0 
N 
N 
X 
N 
0 
0 
0 
N 
0 
0 
N 
0 


USER DEFINED 
0 
P 
0 
0 
0 
1 
0 
0 
0 
P 
N 
N 
X 
0 
0 
0 
0 
0 
0 
0 
0 


ADDRESS RECOGNITION: 


NONE/ALL 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
X 
N 
N 
0 
0 
0 
0 
0 


8-BIT 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
N 
X 
N 
0 
0 
0 
0 
0 


16-BIT 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
N 
N 
X 
0 
0 
0 
0 
0 


COLLISION RESOLUTION: 


NORMAL 
0 
N 
0 
N 
0 
N 
0 
0 
M 
N 
0 
N 
0 
0 
0 
0 
X 
N 
N 
N 
0 


ALTERNATE 
0 
N 
0 
N 
a 
N 
a 
a 
M 
N 
0 
0 
a 
a 
a 
0 
N 
X 
N 
N 
a 


DETERMINISTIC 
a 
N 
a 
N 
a 
N 
a 
a 
M 
N 
a 
0 
a 
a 
0 
a 
N 
N 
X 
N 
a 


PREAMBLE:NONE 
N 
a 
a 
a 
1 
1 
a 
a 
0 
a 
a 
N 
a 
a 
0 
a 
N 
N 
N 
X 
N 


8-BIT 
a 
a 
a 
a 
0 
1 
a 
a 
a 
a 
a 
a 
0 
0 
0 
a 
a 
0 
a 
N 
X 


32-BIT 
0 
a 
a 
0 
a 
1 
0 
0 
a 
a 
a 
0 
a 
a 
a 
a 
a 
a 
0 
N 
N 


64-BIT 
a 
0 
a 
a 
a 
1 
a 
a 
a 
a 
a 
a 
0 
0 
0 
a 
0 
0 
a 
N 
N 


JAM:D.C. 
M 
N 
N 
N 
a 
N 
a 
0 
M 
N 
a 
a 
a 
a 
a 
a 
a 
a 
a 
N 
a 


CRC 
M 
N 
N 
N 
a 
N 
a 
0 
M 
N 
0 
a 
a 
a 
0 
a 
a 
0 
a 
N 
a 


CLOCKING:EXTERNAL 
N 
M 
N 
a 
a 
N 
a 
0 
a 
0 
a 
N 
0 
0 
0 
a 
N 
N 
N 
0 
0 


INTERNAL 
a 
a 
N 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
0 


CONTROL: CPU 
a 
0 
a 
a 
0 
1 
a 
0 
a 
a 
a 
a 
a 
a 
0 
a 
a 
a 
a 
a 
a 


DMA 
0 
0 
a 
a 
0 
1 
0 
0 
a 
a 
0 
a 
a 
a 
0 
a 
0 
0 
a 
0 
0 


RAW RECEIVE: 
1 
1 
1 
1 
1 
1 
1 
1 
1 
N 
1 
1 
1 
1 
1 
1 
0 
a 
a 
1 
1 


RAW TRANSMIT: 
1 
1 
1 
1 
1 
1 
1 
1 
1 
N 
1 
1 
1 
1 
1 
1 
N 
N 
N 
1 
1 


CSMA/CD: 
0 
N 
2 
1 
P 
1 
a 
a 
M 
N 
0 
0 
a 
a 
a 
0 
a 
a 
a 
N 
a 


SDLC: 
N 
a 
a 
P 
1 
1 
0 
a 
a 
a 
a 
N 
a 
a 
0 
a 
N 
N 
N 
P 
0 


PRE· 


~IMBLE 
JAM 
CLOCK 
CONTROL 
3 
6 
D 
C 
E 
I 
C 
D 
R 
R 
C 
S 


2 
4 
C 
R 
X 
N 
P 
M 
A 
A 
S 
D 
N=NOT 
AVAILABLE 
B 
B 
C 
T 
T 
U 
A 
W 
W 
M 
L 
M=MANDATORY 
I 
I 
/ 
E 
E 
R 
T 
A 
C 
0= 
OPTIONAL 
T 
T 
R 
R 
E 
R 
/ 
P = NORMALLY 
PREFERRED 
N 
N 
C 
A 
C 
X=N/A 
A 
A 
E 
N 
D 


L 
L 
I 
S 
V 
M 
E 
I 
T 


DATA ENCODING: 


MANCHESTER 
0 
0 
0 
0 
N 
M 
0 
0 
0 
0 
M 
N 


NRZI 
0 
0 
N 
N 
N 
M 
0 
0 
0 
0 
N 
M 


NRZ 
0 
0 
0 
0 
M 
N 
0 
0 
0 
0 
0 
0 


FLAGS:01111110 
0 
0 
N 
N 
0 
0 
0 
0 
0 
1 
1 
P 


11/IDLE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
P 
1 


CRC:NONE 
1 
1 
N 
N 
1 
1 
1 
1 
1 
1 
1 
1 


16-BITCCITI 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 


32-BIT AUTODIN 
II 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 


DUPLEX:HALF 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


FULL 
0 
0 
N 
N 
0 
0 
0 
0 
N 
N 
N 
P 


ACKNOWLEDGEMENT:NONE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


HARDWARE 
0 
0 
0 
0 
N 
0 
0 
0 
N 
N 
0 
N 


USER DEFINED 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


ADDRESS 
RECOGNITION: 


NONE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


a-BIT 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 


16-BIT 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 


COLLISION 
RESOLUTION: 


NORMAL 
0 
0 
0 
0 
N 
0 
0 
0 
0 
N 
M 
N 


ALTERNATE 
0 
0 
0 
0 
N 
0 
0 
0 
0 
N 
M 
N 


DETERMINISTIC 
0 
0 
0 
0 
N 
0 
0 
0 
0 
N 
M 
N 


PREAMBLE:NONE 
N 
N 
N 
N 
0 
0 
0 
0 
0 
0 
N 
P 


a-BIT 
N 
N 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 


32-BIT 
X 
N 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 


64-BIT 
N 
X 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 


JAM:D.C. 
0 
0 
X 
N 
2 
0 
0 
0 
0 
N 
M 
N 


CRC 
0 
0 
N 
X 
2 
0 
0 
0 
0 
N 
M 
N 


CLOCKING:EXTERNAL 
0 
0 
N 
N 
X 
N 
0 
0 
0 
0 
2 
0 


INTERNAL 
0 
0 
0 
0 
N 
X 
0 
0 
0 
0 
0 
0 


CONTROL:CPU 
0 
0 
0 
0 
0 
0 
X 
N 
0 
0 
O' 
0 


DMA 
0 
0 
0 
0 
0 
0 
N 
X 
0 
0 
0 
0 


RAW RECEIVE: 
1 
1 
0 
0 
1 
1 
1 
1 
X 
N 
1 
1 


RAW TRANSMIT: 
1 
1 
N 
N 
1 
1 
1 
1 
N 
X 
1 
1 


CSMAlCD: 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
X 
N 


SDLC: 
0 
0 
N 
N 
0 
0 
0 
0 
0 
0 
N 
X 


inter 


Note 
1: Programmable 
in Raw transmit 
or receive 


mode. 


Note 2: When CSMA/CD is enabled, an external clock 
can be used on the transmitter, but not the receiver. 
Since the receiver monitors the link for Manchester vio- 
lations, external hardware would be required to refor- 
mat the data from NRZ to Manche!.ter on the transmit- 
ter. These hardware requirements g,) beyond the expec- 
tations of this table for implementation. For that reason 
it was assumed that the external clock cannot be used 
at all with CSMA/CD protocol, although it is actually 
possible to do-so. 


Almost all the options available from Table 3.1 can be 
implemented with the proper software to perform the 
functions that are necessary for the options selected. In 
Table 3.1, a judgment has been made by the authors on 
which options are practical and w:hich are not. What 
this means is that in Table 3.1, an "N" should be inter- 
preted as meaning that the option is either not practical 
when implemented with user softwflre or that it cannot 
be done. An "0" is used when that function is one'of 
several that can be implemented with the OSC without 
additional user software. 
. 


The GSC is targeted to operate at bit rates up to 2.4 
MBps using the external clock options and up to 2 
MBps using the internal baud rate generator, internal 
data formatting and on-chip clock recovery. The baud 
rate 
generator 
allows 
most 
standard 
rates 
to 
be 


achieved. 
These 
standards 
include 
the 
proposed 


IEEE802.3 LAN standard (1.0MBps) and the Tl stan- 
dard (1.544MBps). The baud rate :IS derived from the 
crystal frequency. This makes crystal selection impor- 
tant when determining the frequen~y and accuracy of 
the bauc;lrate. 


CSMA/CD 
operates by sensing the transmission line 


for a carrier, which indicates link activity. At the end of 
link activity, a station must wait a p<:riodof time, called 
the deference period, before transmission may begin. 
The deference period is also known as the interframe 
space. The interframe space is explained in Section 
3.2.3. 


With this type of operation, there is always the possibil- 
ity of a collision occurring after the deference period 
due to line delays. If a collision is detected after trans- 
mission is started, a jamming mechalnism is used to en- 
sure that all stations monitoring the line are aware of 
the collision. A resolution algorithm is then executed to 
resolve the contention. There are three different modes 


of collision resolution made available to the user on the 
C152. Re-transmission is attempted when a resolution 
algorithm indicates that a station's opportunity has ar- 
rived. 


Normally, in CSMA/CD, 
re-transmission slot assign- 


ments are intended to be random. This method gives all 
stations an equal opportunity to utilize the serial com- 
munication link but also leaves the possibility of anoth- 
er collision due to two stations having the same slot 
assignment. There is an option on the Cl52 which al- 
lows all the stations to have their slot assignments pre- 
viously determined by user software. This pre-assign- 
ment of slots is called the deterministic 
resolution 


mode. This method allows resolution after the first col- 
lision and ensures the access of the link to each station 
during the resolution. Deterministic resolution can be 
advantageous when the link is being heavily used and 
collisions are frequently occurring and in real time ap- 
plications where determinism is required. Deterministic 
resolution may also be desirable if it is known before- 
hand that a certain station's communication needs to be 
prioritized over those of other stations if it is involved 
in a collision. 


The frame format in CSMA/CD 
consists of a pream- 


ble, Beginning of Frame flag (BOF), address field, in- 
formation field, CRC, and End of Frame flag (EOF) as 
shown in Figure 3.1. 
IPREAMBLE 
~ 
ADDRESS I~ 


Figure 3.1 Typical CSMAlCD 
Frame 


PREAMBLE - The preamble is a series of alternating 
Is and Os.The length of the preamble is programmable 
to be 0, 8, 32, or 64 bits. The purpose of the preamble is 
to allow all the receivers to synchronize to the same 
clock edges and identifies to the other stations on-line 
that there is activity indicating the link is being used. 
For these reasons zero preamble length is not compati- 
ble with standard CSMA/CD, 
protocols. When using 


CSMA/CD, the BOF is considered part of the pream- 
ble compared to SDLC, where the BOF is not part of 
the preamble. This means that if zero preamble length 
were to be used in CSMA/CD mode, no BOF would be 
generated. It is strongly recommended that zero pream- 
ble length never be used in CSMA/CD 
mode. If the 


preamble contains two consecutive Os,the preamble is 
considered invalid. If the Cl52 detects an invalid pre- 
amble, the frame is ignored. 


BOF - In CSMA/CD the Beginning-Of-Frame is a part 
of the preamble and consists of two sequential Is. The 
purpose of the BOF is to identify the end of the pream- 
ble and indicate to the receiver(s) that the address will 
immediately follow. 


inter 


ADDRESS - The address field is Ul;edto identify which 
messages are intended for which stations. The user 
must assign addresses to each destination and source. 
How the addresses are assigned, now they are main- 
tained, and how each transmitter 
is made aware of 
which addresses are available is an issue that is left to 
the user. Some suggestions are discussed in Section 
3.5.5. Generally, each address is unique to each station 
but there are special cases where this is not true. In 
these special cases, a message is intended for more than 
one station. These multi-targeted messages are called 
broadcast or multicast-group 
addresses. A broadcast 
address consisting of all Is will always be received by 
all stations. A multicast-group address usually is indi- 
cated by using a Ias the first address bit. The user can 
choose to mask off all or selective bits of the address so 
that the GSC receives all message; or multicast-group 
messages. The address length is programmable to be 8 
or 16bits. An address consisting of allis will always be 
received by the GSC on the C152. The address bits are 
always passed from the GSC to the CPU. With user 
software, the address can be exteIJded beyond 16 bits, 
but the automatic address recognition will only work 
on a maximum of 16 bits. User software will have to 
resolve any remaining address bits 


INFO - This is the information field and contains the 
data that one device on the link wishes to transmit to 
another device. It can be of any length the user wishes 
but needs to be in multiples of 8 bits. This is because 
multiples of 8 bits are used to transfer data into or out 
of the GSC FIFOs. The information field is delineated 
from the rest of the components of the frame by the 
preceding address field and the f,)llowing CRe. 
The 
receiver determines the position of the end of the infor- 
mation field by passing the bytes tnrough a temporary 
storage space. When the EOF is received the bytes in 
temporary storage are the CRC, and the last bit re- 
ceived previous to the CRC constitute the end of the 
information field. 


CRC - The Cyclic Redundancy Check (CRe) is an er- 
ror checking algorithm commonly used in serial com- 
munications. The CI52 offers two types of CRC algo- 
rithms, a 16-bit and a 32-bit. The 16-bit algorithm is 
normally used in the SDLC mode and will be described 
in the SDLC section. In CSMA/CD applications either 


algorithm can be used but IEEE 802.3 uses a 32-bit 
CRe. The generation polynomial the CI52 uses with 
the 32-bit CRC is: 
G(X) = X32 + X26 + X23 + X22 + XI6 + X12 + 


Xl1 + XIO + X8 + X7 + X5 + X4 + X2 
+X+I 


The CRC generator, as shown in Figure 3.2, operates 
by taking each bit as it is received and XOR'ing it with 
bit 31 of the current CRC. This result is then placed in 
temporary storage. The result of XOR'ing bit 31 with 
the received bit is then XOR'd with bits 0, I, 3, 4, 6, 7, 
9, 10, 11, 15,21,22,25 
as the CRC is shifted right one 


position. When the CRC is shifted right, the temporary 
storage space holding the result of XOR'ing bit 31 and 
the incoming bit is shifted into position O. The whole 
process is then repeated with the next incoming or out- 
going bit. 


The user has no access to the CRC generator or the bits 
which constitute the CRC while in CSMA/CD. 
On 


transmission, the CRC is automatically appended to 
the data being sent, and on reception, the CRC bits are 
not normally loaded into the receive FIFO. Instead, 
they are automatically stripped. The only indication the 
user has for the status of the CRC is a pass/fail flag. 
The pass/fail flag only operates during reception. A 
CRC is considered as passing when the the CRC gener- 
ator has 11000111 0ססoo100 11011010 OIIIIOIIB 
as a 


remainder after all of the data, including the CRC 
checksum, from the transmitting station has been cy- 
cled through the CRC generator. The preamble, BOF 
and EOF are not included as part of the CRC algo- 
rithm. An interrupt is available that will interrupt the 
CPU if the CRC of the receiver is invalid. The user can 
enable the CRC to be passed to the CPU by placing the 
receiver in the raw receive mode. 


This method of calculating the CRC is compatible with 
IEEE 802.3. 


EOF - The End Of Frame indicates when the transmis- 
sion is completed. The end flag in CSMA/CD consists 
of an idle condition. An idle condition is assumed when 
there is no transitions and the link remains high for 2 or 
more bit times. 


inter 


The interframe space is the amount of time that trans- 
mission is delayed after the link is !.ensed as being idle 
and is used to separate transmitted frames. In alternate 
backoff mode, the interframe space may also be includ- 
ed in the determination of when retransmissions may 
actually begin. The Cl52 allows pl'ogrammable inter- 
frame spaces of even numbers of bit times from 2 to 
256. 


The period of the interframe space is determined by the 
contents of IFS. IFS is an SFR that is programmable 
from ° to 254. The interframe space is measured in bit 
times. The value in IFS multiplied by the bit time 
equals the interframe space unless IPS equals 0. If IFS 
does equal 0, then the interframe space will equal 256 
bit times. One of the consideration!. when loading the 
IFS is that only even numbers (LSB must be 0) can be 
used because only the 7 most significant bits are loaded 
into IFS. The LSB is controlled by the GSC and deter- 
mines which half of the IFS is currently being used. In 
some modes, the interframe space timer is re-triggered 
if activity is detected during the first half of the period. 
The GSC determines which half of the interframe space 
is currently being used by examining the LSB. A one 
indicates the first half and zero indicates the second 
half of the IFS. 


After reset IFS is 0, which delays the first transmission 
for both SDLC and CSMA/CD by 256 bit times (after 
reset, a bit time equals 8 oscillator clock periods). 


In most applications, the period of the interframe space 
will be equal to or greater than the amount of time 
needed to turn-around 
the received frame. The turn- 


around period is the amount of time that is needed by 
user software to complete the handling of a received 
frame and be prepared to receive the next frame. An 
interframe space smaller than the required turn-around 
period could be used, but would allow some frames to 
be missed. 


When a GSC transmitter has a new message to send, it 
will first sense the link. If activity is detected, transmis- 
sion will be deferred to allow the frame in progress to 
complete. When link activity ceases, the station contin- 
ues deferring for one interframe space period. 


As mentioned earlier, the interframe space is used dur- 
ing the collision resolution period as well as during nor- 
mal transmission. The backoff method selected affects 
how the deference period is handled during normal 
transmission. If normal backoff mode is selected, the 
interframe space timer is reset if activity occurs during 
approximately the first half of the interframe space. If 
alternate backoff or deterministic backoff is selected, 
the timer is not reset. In all cases when the interframe 
space timer expires, transmission may begin, regardless 
if there is activity on the link or not. Although the 
Cl52 resets the interframe space timer if activity is de- 
tected during the first one-half of the interframe space, 
this is not necessarily true of all CSMA/CD 
systems. 
(IEEE 802.3 recommends that the interframe space be 
reset if activity is detected during the first two-thirds or 
less of the interframe space.) 


The method used to resolve a collision is called the 
backoff algorithm. 


inter 


How the backoff algorithm exeCL.tesis dependent on 
which part of the frame the collision was detected in. 
How collisions are detected is shown in Figure 3.3. If 
the collision occurred before data has been loaded into 
the Receive FIFO, then reception is simply stopped. 


The time when the first byte is loaded into the Receive 
FIFO is dependent on the CRC length. After detection 
of the BOF flag, all subsequent data is passed through 
the CRC stripping/generation 
hardware. Also, there is 


an additional delay of 8 bit times, as the Receive FIFO 
operates with only eight bit quantities. This means that 
after the BOF, there is a 24(40) bit time delay before 
data is loaded into the Receive FIFO if the 16(32) bit 
CRC is selected. If the collision occurs after data has 
been loaded into the receive FIFO, then the error flag 
Receiver Abort (RCABT) is set ar"dREN cleared. This 
prevents another reception while the CPU tries to fig- 
ure out what to do next. If the Enable Global Serial 
(channel) Receive Error (EGSRE) interrupt (IENl.l) 
is enabled the CPU is interrupted. At this time user 
software must decide what actions to take to assure a 
proper recovery. 


LOGICAL 
VALUE 


MANCHESTER 
ENCODING 


A collision is assumed if a pulse is less than three sam- 
ple periods in length or if an expected transition is 
missed. Figures 3.3A and B show where transition must 
occur and where transitions are invalid. The sample 
periods occur at a rate that is 8 times the baud rate as 
determined by the SFR BAUD. 


During 
transmission, 
each device monitors 
its own 


transmission pin with its receive circuitry. A collision is 
assumed if the receiver detects Manchester encoding 
violations as defined in Figures 3.3A and B. 


Where the collision occurs determines what actions are 
taken. If the collision occurs after the preamble, the 
Timer Collision Detect (TCDT) bit is set. If the Enable 
Global 
Serial 
Transmit 
Error 
(EGSTE) 
interrupt 
(IEN 1.5) is enabled, the CPU is interrupted. If this type 
of collision occurs, user software must determine what 
actions to take for a proper recovery. 


If the transmitting station detects the collision during 
the preamble or BOF, the actions taken are automatic. 
The transmitter 
will attempt 
resolution up to eight 


tries. After the eighth attempt, the error flag (TCDT) is 
set. If EGSTE is enabled, the CPU is then interrupted. 


--- 
"1" 
BIT TIME -----~-- 
"0" 
BIT TIME ----~ 
,, 
, . 
Jl 
,, 
LJ 


(8 X BAUD) 
RECElvt 
SAMPLING 
RATE 


I~ 
INVALID 


I~ 
MANDATORY TRANSITION 


Figure 3.3A. CSMAlCD 
Collisions 
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LOGICAL 
VALUE 


MANCHESTER 
ENCODING 


, 
(8 
X BAUD)'· 
, 


RECEIVt JU 
SAMPLING' 
RATE, 
: 


~~ 
INVALID 


~~ 
MANDATORY TRANSITION 
em 
OPTIONAL TRANSITION 


When a transmitting 
GSC detects 
a collision, the first 


action 
taken is to apply a jamming 
signal to the link. 


The jam is sent following the end of the preamble, 
or 


immediately 
if the preamble 
has alr,~ady been complet- 
ed. This action is taken to insure that other stations on 
the link are aware that a collision has occurred. 


The jamming 
signal can be one of two types, D.C. or 


CRC. 
D.C. 
jam 
is selected 
by setting 
the 
DCI 
bit 


(MYSLOT.7). 
The D.C. jam applies a continuous 
low 


level signal for a duration 
equal to the CRC length. To 


select the CRC 
type of jam, 
the DCI 
bit needs to be 


cleared. 
CRC 
is selected 
after the CI52 
is reset. The 


CRC jam operates by taking the current 
CRC calculat- 


ed up to that point, inverting the data and applying that 
signal to the link. 


After 
applying 
the jam, 
the resolution 
phase 
is next. 


This phase will effect the throughput 
and efficiency of 


the link once a collision 
is detected. 
There 
are three 


methods 
to choose from that determine 
which backoff 


algorithm 
is used. These methods 
are named: "Normal 
Backoff", 
"Alternate 
Backoff", 
and 
"Deterministic 
Backoff". 


Before going into detail on the various backoff schemes, 
there is a parameter 
called the slot time that must be 
understood 
by the user. The slot time is used during the 
collision resolution 
and is the basic scheduling 
quantum 
for retransmissioh 
once a collision is detected. 
The slot 
time also represents 
the maximum 
length of a collision 
fragment 
and the upper bound 
on the acquisition 
time 
of the network. 
The value of the slot time is determined 
by the contents 
of SLOTTM. 
SLOTTM 
is programma- 
ble from 0 to 255. A slot time is equal to 256-SLOTTM 
multiplied 
by the bit time, unless SLOTTM 
equals O. If 
o is used in SLOTTM, 
then the slot time period 
will 
equal 256 bit times. A bit time is equal to l/baud 
rate. 


The timing 
requirements 
on the slot time is that it be 
equal to, or greater 
than the longest round-trip 
propa- 
gation 
time of the signal plus the jam 
time. The jam 
time is equal to the CRC length. 


In the Normal and Alternate Normal resolution modes, 
the slot position assigned to a station is determined by 
the SFR, Pseudo Random Binary Sequence (PRBS). 
The PRBS generates a random number by using a se- 
ries of feedback shift registers that are clocked by the 
CPU phase clocks. 


There is a maximum physical limit of256 slot positions 
available. The slot assigned is derived from PRBS dur- 
ing the resolution phase of a collision. But the value in 
PRBS is ANDed with the contents of TCDCNT. The 
way TCDCNT 
operates is that as collisions occur, 
TCDCNT shifts left one bit position and a I is shifted 
into the LSB. As TCDCNT is filled with Is from colli- 
sions, the maximum range of slot assignments also in- 
creases by powers of 2. This variable upper limit is de- 
termined by the number of collisions, but can never be 
greater than 255. The PRBS maximum val~e will be 
(2**n)-I, 
where n is the number of prevIOusly at- 
tempted transmissions that resulted in a collision. This 
means that on the first re-transmi!sion, the PRBS value 
could be 0 or I, on the second re-transmission the 
PRBS could be any value from 0 to 3, and on the eighth 
collision PRBS could be any value from 0 to 255. There 
is no way that the user software can get access to the 
slot position assigned to a station once the backotTpro- 
cess has started. 


The backotT can be programmed to start either at the 
end of the jam, as in Ethernet, or at the end of the 
interframe space. 


In normal mode the backotTtime begins immediately at 
the end of the jam. The slot time begins as soon as the 
jam is completed but must wait ur..tilat least one inter- 
frame space has completed before attempting transmis- 
sion. Slot 0 is the first to occur, followed by Slot I and 
so on. This means the lowest slot number assigned will 
win control of the link as long a3 the slot time ends 
after the the interframe space e~pires. In networks 
where the slot time is longer than the interframe space, 
normal backotT will usually be implemented. This is 
because the interframe space time will expire before 
Slot 0 is complete. This is shown ill Figure 3.4. In net- 
works where the interframe space is longer than the slot 
time, Slot 0 will expire before the interframe space and 
will not be able to transmit during that resolution at- 
tempt. Taken to an extreme where the interframe space 
is much larger than the slot time, it is possible that 
there will be no resolution during the first couple of 
collisions because the possible number of slot times 
available will still be less than the interframe space. 
This would waste the bandwidth of the resolution by 
not allowing all stations the opponunity of 8 attempts 
at retransmission. 


In alternate mode the backotT time begins immediately 
at the end of an interframe space after the jam. If alter- 
nate backotT is used then the slot time does not occur 
until after the interframe space expires as shown in Fig- 
ure 3.4. This mode will usually be used when the inter- 
frame space is longer than the slot time. This prevents 
the situation where the slot time expires before the in- 
terframe space period. This preserves the bandwi~th ~f 
the collision resolution by insuring that each statIOn IS 
allowed up to 8 re-attempts at transmission. Networks 
where the slot time is less than the interframe space 
generally exist where there is a short topology, or high 
data rates are used. 


In Deterministic Collision Resolution, when a collision 
occurs all stations enter a special mode, whether or not 
they V:ereinvolved in the collision. The resolution peri- 
od is divided into a programmable number of slots with 
each station having a unique slot assignment. The first 
slot starts after one interframe space. A station is al- 
lowed to start transmitting only during its own slot and 
will transmit as long as it needs to unless some error 
occurs. After any transmission, one interframe expires 
before the next slot begins. If no collision occurs, the 
protocol operates as in regular CSMA/CD 
mode. 


This method operates as follows. The user software as- 
signs each station its own slot position and loads it in 
the SFR, MYSLOT. That station has to wait a number 
of slot times equal to (maximum number of slots) - 
(MYSLOT). Only the lower six bits of MYSLOT ~re 
used for slot assignment. This means that when uSing 
deterministic resolution, a maximum of 63 stations in 
the network can participate in any collision resolution. 
Another station may be added to the network, but not 
allowed to participate 
in a resolution. That station 


should have 0 as its assigned slot. This prevents the 
station from attempting to retransmit during the colli- 
sion resolution. When using deterministic resolution, 
the PRBS must be disabled. By writing OFFH into the 
PRBS, it is frozen into an all Is state. The maximum 
number of stations that may be involved in the resolu- 
tion is loaded into TCDCNT. The slot count does not 
begin until the receiver senses that the line is idle and 
one interframe space expires. At the end of the inter- 
frame space the GSC starts counting the slots. Alter- 
nate backotT mode should be selected whenever deter- 
ministic backotTmode is being used. Then, if activity is 
detected on the link with deterministic backotT mode 
selected, the GSC first waits until the link is idle and 
then waits until the end of the interframe space before 
the slot timer continues counting the slots. This allows 
another station to transmit a pending message in its 
proper slot and each station gets an opportuni.ty .to 
transmit 
when the slot time equals the value In Its 


MYSLOT register. 


inter 


The bottom diagram of Figure 3.4 illustrates this mech- 
anism for a number of stations (MAX). It shows sta- 
tions with slot numbers (MAX-2), 22tnd 1 transmitting 
during the resolution period. Note the:interframe space 
after the jam and after each transmission. After all the 
slot positions have been exercised, normal CSMA/CD 
operation resumes. Unless deterministic resolution is 
selected, it is possible that stations not involved in the 
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collision may attempt transmission during the resolu- 
tion period after an interframe space period. Determi- 
nistic mode prevents this from happening because all 
stations on the link are required to enter into the reso- 
lution phase, whether or not they are involved in the 
collision. Then, a station is either allowed to transmit 
during its assigned slot or is prevented from transmit- 
ting during the resolution period. 
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Manchester encoding/decoding 
I.S automatically select- 


ed when the user software selects CSMA/CD transmis- 
sion mode (See Figure 3.5). In Manchester encoding 
the value of the bit is determinl:d by the transition in 
the middle of the bit time, a positive transition is decod- 
ed as a I and a negative transition is decoded as a O. 


If the external IX clock feature is chosen the transmis- 
sion mode is always NRZ (see Section 3.5.11). Using 
CSMA/CD 
with the external cbck option is not sup- 


ported because the data needs reformatting from NRZ 
to Manchester for the receiver to be able to detect code 
violations and collisions. 


Hardware Based Acknowledge (HBA) is a data link 
packet acknowledging scheme that the user software 
can enable with CSMA/CD 
protocol. It is not an op- 


tion with SDLC protocol howevc:r. 


In general HBA can give improved system response 
time and increased effective transmission rates over ac- 
knowledge schemes implemented in higher layers of the 
network architecture. Another b<:nefitis the possibility 
of early release of the transmit buffer as soon as the 
acknowledge is received. 


The acknowledge consists of a preamble followed by an 
idle condition. A receiving station with HABEN en- 
abled will send an acknowledge only if the incoming 
address is unique to the receiving station and if the 
frame is determined to be correct with no errors. For 
the acknowledge to be sent, ten must be set. For the 
transmitting 
station 
to 
recognize 
the 
acknowledge 
GREN must be set. A zero as the LSB of the address 
indicates that the address is unique and not a group or 
broadcast address. Errors can be caused by collisions, 
incorrect CRC, misalignment, or FIFO overflow. The 
receiver sends the acknowledge as soon as the line is 
sensed to be idle. The u~er must program the interframe 
space and the preamble length such that the acknowl- 
edge is completed before IFS expires. This is normally 
done by programming IFS larger than the preamble. 


A transmitting station with HABEN enabled expects 
an acknowledge. It must receive one prior to the end of 
the interframe space, or else an error is assumed and 
the NOACK bit is set. Setting of the TDN bit is also 
delayed until the end of the interframe space. Collisions 
detected during the interframe space will also cause 
NOACK to be set. 


The user software may enable the interrupt so that the 
CPU is notified when TDN is set. If the GSC is serv- 
iced by DMA, the user must time out one interframe 
space and then check the NOACK bit or the TDN bit. 


SDLC is a communication protocol developed by IBM 
and widely used in industry. It is based on a primary/ 
secondary architecture and requires that each second- 
ary station have a unique address. The secondary sta- 
tions can only communicate to the primary station, and 
then, only when the primary station allows communi- 
cation to take place. This eliminates the possibility of 
contention on the serial line caused by the secondary 
station's trying to transmit simultaneously. 


In the C152, SDLC can be configured to work in either 
full or half duplex. When adhering to strict SDLC pro- 
tocol, full duplex is required. Full duplex is selected 
whenever a 16-bit CRC is selected. At the end of a valid 
reset the 16-bit CRC is selected. To select half duplex 
with a 16-bit CRC, the receiver must be turned off by 
user software before transmission. 
The 
receiver is 


turned off by clearing the GREN bit (RSTAT.I). The 
receiver needs to be turned off because the address that 
is transmitted is the address of the secondary station's 
receiver. If not turned off, the receiver could mistake 
the outgoing message as being intended for itself. When 
32-bit CRCs are used, half duplex is the only method 
available for transmission. 


BIT 
' 
:-- TltolE-: 
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The format of an SDLC frame is shown in Figure 3.6. 
The frame consists of a Beginning of Frame flag, Ad- 
dress field, Control Field, Information field (optional), 
a CRC, and the End of Frame flag. 


~ 
ADDRESS ICONTROL I~~ 
CRC IEOF I 


Figure 3.6. Typical 
SOLe Frame 


BOF - The begin of frame flag for SDLC is 01111110. 
It is only one of two possible combinations that have six 
consecutive ones in SDLC. The other possibility is an 
abort character which consists of eight or more consec- 
utive ones. This is because SDLC utilizes a process 
called bit stuffing. Bit stuffing is the insertion of a 0 as 
the next bit every time a sequence offive consecutive Is 
is detected. The receiver automatically removes a 0 af- 
ter every consecutive group of five ones. This removal 
of the 0 bit is referred to as bit stripping. Bit stuffing is 
discussed in Section 3.3.4. All the procedures required 
for bit stuffing and bit stripping are alltomatically han- 
dled by the GSC. 


In standard SDLC protocol the BOF ~ignalsthe start of 
a frame and is limited to 8 bits in len!:th. Since there is 
no preamble in SDLC the BOF is considered an entire 
separate field and marks the beginning of the frame. 
The BOF also serves as the clock synchronization 
mechanism and the reference point for determining the 
position of the address and control fields. 


ADDRESS - The address field is used to identify which 
stations the message is intended for. Each secondary 
station must have a unique address. The primary sta- 
tion must then be made aware of which addresses are 
assigned to each station. The address length is specified 
as 8-bits in standard SDLC protocols but it is expand- 
able to I6-bits in the CI52. User software can further 
expand the number of address bits, but the automatic 
address recognition feature works on a maximum of 16- 
bits. 
I 


In SDLC the addresses are normally unique for each 
station. However, there are several classes of messages 
that are intended for more than one station. These mes- 
sages are called broadcast and group a.ddressed frames. 
An address consisting of all Is will always be automati- 
cally received by the GSC, this is defined as the broad- 
cast address in SDLe. A group addr~ss is an address 
that is common to more than one station. The GSC 
provides address masking bits to provide the capability 
of receiving group addresses. 


If desired, the user software can mask off all the bits of 
the address. This type of masking puts the GSC in a 
promiscuous mode so that all addresses are received. 


CONTROL - The control field is used for initialization 
of the system, identifying the sequence of a frame, to 
identify if the message is complete, to tell secondary 
stations if a response is expected, and acknowledgement 
of previously sent frames. The user software is responsi- 
ble for insertion of the control field as the GSC hard- 
ware has no provisions for the management of this 
field. The interpretation 
and formation of the control 


field must also be handled by user software. The infor- 
mation following the control field is typically used for 
information transfer, error reporting, and various other 
functions. These functions are accomplished by the for- 
mat of the control field. There are three formats avail- 
able. The types of formats are Informational, Supervi- 
sory, or Unnumbered. Figure 3.7 shows the various for- 
mat types and how to identify them. 


Since the user software is responsible for the implemen- 
tation of the control field, what follows is a simple ex- 
planation on the control field and its functions. For a 
complete understanding and proper implementation of 
SDLC, the user should refer to the IBM document, 
GA27-3093·2, IBM Synchronous Data Link Control 
General Information. Within that document, is another 
list of IBM documents which go into detail on the 
SDLC protocol and its use. 


The control field is eight bits wide and the format is 
determined by bits 0 and 1. If bit 0 is a zero, then the 
frame is an informational frame. If bit 0 is a one and bit 
1 a zero, then it is a supervisory frame, and if bit 0 is a 
one and bit 1 a one then the frame is an unnumbered 
frame. 


In an informational frame bits 3,2,1 contain the se- 
quence count of the frame being sent. 


Bit 4 is the P/F (Poll/Final) bit. If bit 4 equals 1 and 
originates from the primary, then the secondary station 
is expected to initiate a transmission. If bit 4 equals 1 
and originates from a secondary station, then the frame 
is the final frame in a transmission. 


Bits 7,6,5 contain the sequence count a station expects 
on the next transmission to it. The sequence count can 
vary from OOOBto IIIB. 
The count then starts over 


again at OOOBafter the value IIlB is incremented. The 
acknowledgement is recognized by the receiving station 
when it decodes bits 7,6,5 of an incoming frame. The 
station sending the transmission is acknowledging the 
frames received up to the count represented in bits 7,6,5 
(sequence count-I). With this method, up to seven se- 
quential frames may be transmitted 
prior to an ac- 


knowledgement being received. If eight frames were al- 
lowed to pass before an acknowledgement, the sequence 
count would roll over and this would negate the pur- 
pose of the sequence numbers. 


BIT 
7 
6 
5 
POSITIONS 
- 
I 
IR:ECEPTION 
UiEQUENCE 


4 


POLL/ 
FINAL 


321 
SENDING 
SEQUENCE 


RECEPTION 
SEQUENCE - The sequence expected in the SENDING SEQUENCE portion of the control byte 
in the next received frame. This also confirms correct reception of up to seven frames prior to the sequence given. 
POLL/FINAL 
- Identifies the frame as being a polling request from the master station or the last in a series of 
frames from the master or secondary. 
SENDING SEQU,ENCE - Identifies the sequence of the frame being transmitted. 
o - If bit 0 = 0 the frame is identified as a informational format type. 


INFORMATION 
FORMAT 


POSITIO~I~-7 
6 
5 


lRi~cEPrION 
UEQUENCE 


3 
2 


MODE o 1 


RECEPTION 
SEQUENCE - Expected sequence of frame for next reception. 


POLL/FINAL 
- Identifies frame as being a polling request from the master station or the last in a series of 


frames from the master or secondary. 
MODE - Identifies whether receiver is ready (00), not ready (10) or a frame was rejected (01). The rejected frame 
is identified by the reception st:quence. 
0,1 - If bits 1,0 = 0,1 the frame is identified as a supervisory format type. 


SU F)ERVISORY 
FORMAT 


BIT 
7 
POSITIONS- 
[3 
OMMAND/ 
POLL/ COMMAND/ 
1 
1 
1ESPONSE 
FINAL 
RESPONSE 


COMMAND/RESPONSE 
- Identifies the type of command or response. 
POLL/FINAL 
- Identifies frame as being a polling request from the master station or the last in a series of 
frames from the master or secondary. 
1,1 - If bits 1,0 = 1,1 the frame is identified as an unnumbered format type. 
NON~;EQU ENCED 
FORMAT 
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Following the informational control field comes the in- 
formation to be transferred. 


In the supervisory format (bits 1,0 = 0,I) bits 3,2 de- 
termine which mode is being used. 


When the mode is 00 it indicates that the receive line of 
the station that sent the supervisory frame is enabled 
and ready to accept frames. 


When the mode is 01, it indicates that previously a 
received frame was rejected. The value in the receive 
count identifies which frame(s) need to be retransmit- 
ted. 


When the mode is 10, the sending station is indicating 
that its receiver is not ready to accept frames. 


Bits 7,6,5 represent the value of the sequence the sta- 
tion expects when the next transfer occurs for that sta- 
tion. There is no information following the control field 
when the supervisory format is used. 


In the unnumbered format (bits 1,0 = 1,1) bits 7, 6, 5, 
3, 2 (notice bit 4 is missing) indicate commands from 
the primary to secondary stations or requests of second- 
ary stations to the primary. 


The standard 
commands 
are: 
BITS 
7 
6 
5 
3 
2 
CommElnd 


o 
0 
0 
0 
0 
Unnumbered 
Information 
(UI) 


o 
0 
0 
0 
1 
Set initialization 
mode (SIM) 
o 
1 
0 
0 
0 
Disconnect 
(DISC) 
o 
0 
1 
0 
0 
Response 
optional 
(UP) 
1 
1 
0 
0 
1 
Function 
descriptor 
in 
information 
field (CFGR) 
o 
1 
1 
Identification 
in information 
field. (XID) 


1 
0 
0 
Test pa1tern in information 
field. (TEST) 


The standard 
responses 
are: 


BITS 
7 
6 
5 
3 
2 
Commalnd 


0 
0 
0 
0 
0 
Unnumbered 
information 
(UI) 


0 
0 
0 
0 
1 
Request 
for initialization 
(RIM) 


0 
0 
0 
1 
1 
Station in disconnected 
mode (OM) 


1 
0 
0 
0 
1 
Invalid frame received 
(FRMR) 


0 
1 
1 
0 
0 
Unnumbered 
acknowledgement 
(UA) 


1 
1 
1 
1 
1 
Signal loss of input (BCN) 
1 
1 
0 
0 
1 
Function 
descriptor 
in information 
field (CFGR) 


0 
1 
0 
0 
0 
Station wants to disconnect 
(RD) 


1 
0 
1 
1 
1 
Identification 
in information 
field (XID) 


1 
1 
1 
0 
0 
Test pattern in information 
field (TEST) 


In an unnumbered 
frame, 
information 
of variable 


length may follow the control field if VI is used, or 
information of fixed length may follow if FRMR is 
used. 


As stated earlier, the user software is responsible for the 
proper management of the control field. This portion of 
the frame is passed to or from the GSC FIFOs as basic 
informational type data. 


INFO - This is the information fidd and contains the 
data that one device on the link wishes to transmit to 
another device. It can be of any length the user wishes. 
but must be a multiple of 8 bits. It is possible that some 
frames may contain no information field. The informa- 
tion field is identified to the receiving stations by the 
preceding control field and the following CRC. The 
GSC determines where the last of the information field 
is by passing the bits through 
the CRC generator. 


When the last bit or EOF is received the bits that re- 
main constitute the CRC. 


CRC - The Cyclic Redundancy Check (CRe) is an er- 
ror checking sequence commonly used in serial com- 
munications. The CI52 offers two types of CRC algo- 


rithms, a 16-bit and a 32-bit. The 32-bit algorithm is 
normally used in CSMA/CD 
applications and is de- 
scribed in section 3.2.2. In most SDLC applications a 
16-bit CRC is used and the hardware configuration that 
supports 16-bit CRC is shown in Figure 3.8. The gener- 
ating polynomial that the CRC generator uses with the 
16-bit CRC is: 


The way the CRC operates is that as a bit is received it 
is XOR'd with bit IS of the current CRC and placed in 
temporary storage. The result of XOR'ing bit IS with 
the received bit is then XOR'd with bit 4 and bit II as 
the CRC is shifted one position to the right. The bit in 
temporary storage is shifted into position O. 


The required CRC length for SDLC is 16 bits. The 
CRC is automatically stripped from the frame and not 
passed on to the CPV. The last 16 bits are then run 
though the CRC generator to insure that the correct 
remainder is left. The remainder that is checked for is 
OOlllOlOOOOllllB 
(IDOF Hex). If there is a mis- 


match, an error is generated. The user software has the 
option of enabling this interrupt so the CPV is notified. 


EOt< - lhe End 01 t<'rame(EOt<) mdlcates when the 
transmission is complete. The EOF is identified by the 
end flag. An end flag consists of the bit pattern 
01111110. 
The EOF can also serve as the BOF for the 


next frame. 


The transmission of data in SDLC mode is done via 
NRZI encoding as shown in Figure 3.9. NRZI encod- 
ing transmits data by changing the state of the output 
whenever a 0 is being transmitted. 
Whenever a I is 


transmitted the state of the output r,~mainsthe same as 
the previous bit and remains valid for the entire bit 
time. When SDLC mode is select{,d it automatically 
enables the NRZI encoding on the transmit line and 
NRZI decoding on the receive line. 


In SDLC mode one of the primary rules of the protocol 
is that in any normal data transmission, there will never 
be an occurrence of more than 5 consecutive Is. The 
GSC takes care of this housekeeping chore by automat- 
ically inserting a 0 after every occurrence of 5 consecu- 
tive Is and the receiver automatically removes a zero 
after receiving 5 consecutive Is. All the necessary steps 
required for implementing bit stuffing and stripping are 
incorporated into the GSC hardware. This makes the 
operation transparent to the user. About the only time 
this operation becomes apparent to the user, is if the 
actual data on the transmission medium is being moni- 
tored by a device that is not aware of the automatic 
insertion of Os. The bit stuffing/stripping 
guarantees 


that there will be at least one transition every 6 bit 
times while the line is active. 


a 


NR~ 


An abort character is one of the exceptions to the rule 
that disallows more than 5 consecutive Is. The abort 
character consists of any occurrence of seven or more 
consecutive ones. The simplest way for the CI52 to 
send an abort character is to clear the TEN bit. This 
causes the output to be disabled which, in turn, forces it 
to a constant high state. The delay necessary to insure 
that the link is high for seven bit times, is a task that 
needs to be handled by user software. Other methods of 
sending an abort character are using the IFS register or 
using the Raw Transmit mode. Using IFS still entails 
clearing the TEN bit, but TEN can be immediately re- 
enabled. The next message will not begin until the IFS 
expires. The IFS begins timing out as soon as DEN 
goes high which identifies the end of transmission. This 
also requires that IFS contain a value equal to or great- 
er than 8. This method may have the undesirable effect 
that DEN goes high and disables the external drivers. 
The other alternative is to switch to Raw Transmit 
mode. Then, writing OFFH to TFIFO would generate a 
high output for 8 bit times. This method would leave 
DEN active during the transmission of the abort char- 
acter. 


When the receiver detects seven or more consecutive Is 
and data has been loaded into the receive FIFO, the 
RCABT flag is set in RSTAT and that frame is ig- 
nored. If no data has been loaded into the receive 
FIFO, there are no abort flags set and that frame isjust 
ignored. A retransmitted 
frame may immediately fol- 
Iowan 
abort character, provided the proper flags are 


used. 


If 15 or more consecutive Is are detected by the receiv- 
er the Line Idle bit (LNI) in TSTAT is set. The seven 
Is from the abort character may be included when sens- 
ing for a line idle condition. The same methods used for 
sending the Abort character can be used for creating 
the Idle condition. However, the values would need to 
be changed to reflect 15 bit times, instead of seven bit 
times. 


Acknowledgment in SOLC is an implied acknowledge 
and is contained in the control field. Part of the control 
frame is the sequence number of the next expected 
frame. This sequence number is called the Receive 
Count. In transmitting the Receiv,eCount, the receiver 
is in fact acknowledging all the previous frames prior to 
the count that was transmitted. 
This allows for the 


transmission of up to seven frames before an acknowl- 
edge is required back to the transmitter. The limitation 
of seven frames is necessary because the Receive Count 
in the control field is limited to three binary digits. This 
means that if an eighth transmission occurred 
this 


would cause the next Receive Count to repeat the first 
count that still is waiting for an acknowledge. This 
would defeat the purpose of the acknowledgement. The 
processing and general maintenance of the sequence 
count must be done by the user software. The Hard- 
ware Based Acknowledge option that is provided in the 
CI52 is not compatible with standard SOLC protocol. 


All SOLC networks are based upon a primary/second- 
ary station relationship. There can be only one primary 
station in a network and all the other stations are con- 
sidered secondary. All communiGation is between the 
primary and secondary station. Secondary station to 
secondary station direct communication is prohibited. 
If there is a need for secondary to secondary communi- 
cation, the user software will have to make allowances 
for the master to act as an inte·rmediary. Secondary 
stations are allowed use of the serial line only when the 
master permits them. This is done by the master polling 
the secondary stations to see if they have a need to 
access the serial line. This should prevent any collisions 
from occurring, provided each secondary station has its 
own unique address. This arran,gement also partially 
determines the types of networks supported. Normal 
SOLC networks consist of point-to-point, multi-drop, 
or ring configurations and the CI52 supports all of 
these. However, some SOLC pro<:essorssupport an au- 
tomatic one bit delay at each nodI: that is not supported 
by the C152. In a "Loop Mode" configuration, is is 
necessary that the transmission be delayed from the re- 
ception of the frames from the upstream station before 


passing the message to the downstream station. This 
delay is necessary so that a station can decode its own 
address before the message is passed on. The various 
networks are shown in Figure 3.10. 


HOLC (High level Oata Link Control) is a standard 
adopted by the International 
Standards Organization 
(ISO). The HOLC standard is defined in the ISO docu- 
ment #ISO 6159 - HOLC unbalanced classes ofproce- 
dures. IBM developed the SOLC protocol as a subset of 
HOLC. SOLC conforms to HOLC protocol require- 
ments, but is more restrictive. SOLC contains a more 
precise definition on the modes of operation. 


Some of the major differences between SOLC and 
HOLC are: 
SOLC 
Unbalanced 
(primary/ 


secondary) 
Modulo 8 (no extensions 
allowed, 
up to 7 out- 


standing frames before 
acknowledge 
is required) 
8-bit addressing 
only 
Byte aligned data 


HOLC 
Balanced 
(peer to peer) 


Modulo 
128 (up to 127 


outstanding 
frames 


before acknowledge 
is required) 


Extended 
addressing 


Variable size of data 


The CI52 does not support HOLC implementation re- 
quiring data alignment other than byte alignment. The 
user will find that many of the protocol parameters are 
programmable in the CI52 which allows easy imple- 
mentation of proprietary or standard HOLC network. 
User software needs to implement the control field 
functions. 


The explanation on the implementation of user defined 
protocols would go beyond the scope of this manual, 
but examining Table 3.1 should give the reader a con- 
solidated list of most of the possibilities. In this manual, 
any deviation from the documents that cover the imple- 
mentation of CSMA/CO or SOLC are considered user 
defined protocols. Examples of this would be the use of 
SOLC with the 32-bit CRC selected or CSMA/CO 
with hardware based acknowledge. 


Line discipline is how the management of the transfer 
of data over the physical medium is controlled. Two 
types of line discipline will be discussed in this section: 
full duplex and half duplex. 
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Full duplex is the simultaneous transmission and recep- 
tion of data. Full duplex uses anywhere from two to 
four wires. At least one wire is needed for transmission 
and one wire for reception. Usually there will also be a 
ground reference on each signal if the distance from 
station to station is relatively long. Full-duplex opera- 
tion in the CI52 requires that both the receive and the 
transmit 
portion of the GSC are functioning at the 


same time. Since both the transmitter and receiver are 
operating, two CRC generators are also needed. The 
CI52 handles this problem by having one 32-bit CRC 
generator and one 16-bit CRC generator. When sup- 
porting full-duplex operation, the 32-bit CRC generator 
is modified to work as a 16-bit CRC generator. When- 
ever the 16-bit CRC is selected, the:GSC automatically 
enters the full duplex mode. Half duplex with a 16-bit 
CRC is discussed in the following paragraph. 


Half duplex is the alternate transmission and reception 
of data over a single common wire. Only one or two 
wires are needed in half-duplex systems. One wire is 
needed for the signal and if the distance to be covered is 
long there will also be a wire for the ground reference. 
In half-duplex mode, only the receiver or transmitter 
can operate at one time. When the receiver or transmit- 
ter operates is determined by user software, but typical- 
ly the receiver will always be enabled unless the GSC is 
transmitting. Whenever half duplt:x is being used the 
software must insure that only the receiver or transmit- 
ter is enabled at any given time. This is particularly 
important when using SDLC, so that the receiver will 
not recognize its own address whcm the transmitter is 
operating. Half-duplex operation in the CI52 is sup- 
ported with either 16-bit or 32-bit CRCs. Whenever a 
32-bit CRC is selected, only half-duplex operation can 
be supported by the GSC. It is pos:iibleto simulate full- 
duplex operation with a 32-bit CRC, but this would 
require that the CRC be performed with software. Cal- 
culating the CRC with the CPU would greatly reduce 
the data rates that could be used with the GSC. When- 
ever a 16-bit CRC is selected, full-duplex operation is 
automatically chosen and the GSC must be reconfig- 
ured if half-duplex operation is pnlferred. 


3.5.2 PLANNING 
FOR NETWOBK 
CHANGES 


AND EXPANSIONS 


A complete explanation on how to plan for network 
expansion will not be covered in this manual as there 
are far too many possibilities tha.t would need to be 
discussed. But there are several ueas that will have 
major impact when allowing for changes in the system. 
In cases where there will never be any changes allowed, 
expansion plans become a mute issue. However, it is 
strongly suggested that there always be some allowance 
for future modifications. 


Some of the general areas that will impact the overall 
scheme on how to incorporate future changes to the 
system are: 


I) Communication of the change to all the stations or 
the primary station. 


2) Maximum distance for communication. This will af- 
fect the drivers used and the slot time. 


3) More stations may be on the line at one time. This 
may impact the interframe space or the collision resolu- 
tion used. 


4) If using CSMA/CD 
without deterministic resolu- 
tion, any increase in network size will have a negative 
impact on the average throughput of the network and 
lower the efficiency. The user will have to give careful 
consideration when deciding how large a system can 
ultimately be and still maintain adequate performance. 


There are two sources that can be used to control the 
GSC. The first is CPU control and the second is DMA 
control. 


CPU control is used when user software takes care of 
the tasks such as: loading the TFIFO, reading the RFI- 
FO, checking the status flags, and general tracking of 
the transmission process. As the number of tasks grow 
and higher data transfer rates are used, the overhead 
required by the CPU becomes the dominant consump- 
tion of time. Eventually, a point is reached where the 
CPU is spending 100% of its time responding to the 
needs of the GSC. An alternative is to have the DMA 
channels control the GSC. 


A detailed explanation on the general use of the DMA 
channels is covered in Section 4. In this section only 
those details required for the use of the DMA channels 
with the GSC will be covered. 


The DMA channels can be configured by user software 
so that the GSC data transfers are serviced by the 
DMA controller. Since there are two DMA channels, 
one channel can be used to service the receiver, and one 
channel can be used to service the transmitter. In using 
the DMA channels, the CPU is relieved of much of the 
time required to do the basic servicing of the GSC buff- 
ers. The types of servicing that the DMA channels can 
provide are: loading of the transmit FIFO, removing 
data from the receive FIFO, notification of the CPU 
when the transmission or reception has ended, and re- 
sponse to certain error conditions. When using the 
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DMA channels the source or destination of the data 
intended for serial transmission can be internal data 
memory, external data memory, or a,ly of the SFRs. 


The only tasks required after initialization of the DMA 
and GSC registers are enabling the proper interrupts 
and informing the DMA controller waen to start. After 
the DMA channels are started all that is required of the 
CPU is to respond to error condition:; or wait until the 
end of transmission. 


Initialization of the DMA channels requires setting up 
the control, source, and destination address registers. 
On the DMA channel servicing the receiver, the con- 
trol register needs to be loaded as follows: DCONn.2 = 
0, this sets the transfer mode so that response is to GSC 
interrupts and put the DMA control in alternate cycle 
mode; DCONn.3 = I, this enables the demand mode; 
DCONnA 
= 0, this clears the automatic increment 


option for the source address; and DCONn.5 = I, this 
defines the source as SFR. The DMA channel servicing 
the receiver also needs its source address register to 
contain the address of RFIFO 
(SARHN 
= XXH, 


SARLN = OF4H). On the DMA channel servicing the 
transmitter, the control register needs to be loaded as 
follows: DCONn.2 = 0; DCONn.3 
== I; DCONn.6 = 


0, this clears the automatic increme'nt option for the 
destination address; and DCONn.7 = I, this sets the 
destination as SFR. The DMA ch,lnnel serving the 
transmitter 
also requires that its destination address 


register contains the address of TFIFO (DARHN 
= 


XXH, 
DARLN 
= 
85H). Assuming 
that 
DCONO 


would be serving the receiver and DCONI 
the trans- 


mitter, DCONO would be loaded with XXIOIOXOB 
and DCONI would be loaded with IOXXIOXOB.The 
contents of SARHO and DARHI do not have any im- 
pact when using internal SFRs as the source or destina- 
tion. 


When using the DMA channels to sen'ice the GSC, the 
byte count registers will also need to be initialized. 


The Done flag for the DMA channel servicing the re- 
ceiver should be used if fixed packet lengths only are 
being transmitted or to insure that memory is not over- 
written by long received data packets. Overwriting of 
data can occur when using a smaller buffer than the 
packet size. In these cases the servidng of the DMA 
and/or GSC would be in response to the DMA Done 
flag when the byte count reaches zero. 


In some cases the buffer size is not l:he limiting factor 
and the packet lengths will be unknown. In these cases 
it would be desirable to eliminate the function of the 
Done flag. To effectively disable the Done flag for the 
DMA channel servicing the receiver, the byte count 
should be set to some number larger than any packet 


that will be received, up to 64K. If not using the Done 
flag, then GSC servicing would be driven by the receive 
Done (RDN) flag and/or interrupt. RON is set when 
the EOF is detected. When using the RDN flag, RFNE 
should also be checked to insure that all the data has 
been emptied out of the receive FIFO. 


The byte count register is used for all transmissions and 
this means that all packets going out will have to be of 
the same length or the length of the packet to be sent 
will have to be known prior to the start of transmission. 
When using the DMA channels to service the GSC 
transmitter, 
there is no practical way to disable the 


Done flag. This is because the transmit 
done flag 
(TDN) is set when the transmit FIFO is empty and the 
last message bit has been transmitted. But, when using 
the DMA channel to service the transmitter, loads to 
the TFIFO 
continue to occur until the byte count 


reaches O. This makes it impossible to use TDN as a 
flag to stop the DMA transfers to TFIFO. It is possible 
to examine some other registers or conditions, such as 
the current byte count, to determine when to stop the 
DMA transfers to TFIFO, but this is not recommended 
as a way to service the DMA and GSC when transmit- 
ting because frequent reading of the DMA registers will 
cause the effective DMA transfer rate to slow down. 


When using the DMA channels, initialization of the 
GSC would be exactly the same as normal except that 
TSTAT.O = I (DMA), this informs the GSC that the 
DMA channels are going to be used to service the GSc. 
Although only TSTAT is written to, both the receiver 
and transmitter use this same DMA bit. 


The interrupts EGSTE (IENI.5), GSC transmit error; 
EGSTV 
(IEN1.3), 
GSC 
transmit 
valid; 
EGSRE 
(IENl.l), 
GSC receive error; and EGSRV (IENI.O), 


GSC receive valid; need to be enabled. The DMA inter- 
rupts are normally not used when servicing the GSC 
with the DMA channels. To ensure that the DMA in- 
terrupts are not responded to is a function of the user 
software and should be checked by the software to 
make sure they are not enabled. Priority for these inter- 
rupts can also be set at this time. Whether to use high 
or low priority needs to be decided by the user. When 
responding to the GSC interrupts, if a buffer is being 
used to store the GSC information, then the DMA reg- 
isters used for the buffer will probably need updating. 


After this initialization, all that needs to be done when 
the GSC is actually going to be used is: load the byte 
count, set-up the source addresses for the DMA chan- 
nel servicing the transmitter, set-up the destination ad- 
dresses for the DMA channel servicing the receiver, 
and start the DMA transfer. The GSC enable bits 
should be set first and then the GO bits for the DMA. 
This initiates the data transfers. 
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This simplifies the maintenance of the GSC and can 
make the implementation 
of aI', external buffer for 
packetized information automatic. 


An external buffer can be used as the source of data for 
transmission, or the destination of data from the receiv- 
er. In this arrangement, the message size is limited to 
the RAM size or 64K, whichever is smaller. By using 
an external buffer, the data can be accessed by other 
devices which may want access to the serial data. The 
amount of time required for the external data moves 
will also decrease. Under CPU control, a "MOVX" 
command would take 24 oscillator periods to complete. 
Under DMA control, external to internal, or internal to 
external, data moves take only 12. oscillator periods. 


The GSC baud rate is determined by the contents of the 
SFR, BAUD, or the external clo~k. The formula used 
to determine the baud rate when using the internal 
clock is: 


For example if a 12 MHz oscillator is used the baud 
rate can vary from: 


There are certain requirements that the external clock 
will need to meet. These requirements are specified in 
the data sheet. For a description ·Jfthe use of the GSC 
with external clock please read St:ction 3.5.11. 


Initialization can be broken dowr into two major com- 
ponents, I) initialization of the c:omponent so that its 
serial port is capable of proper communication; and 2) 
initialization of the system or a station so that intelligi- 
ble communication can take plac,~. 


Most of the initialization of the component has already 
been discussed in the previous sections. Those items not 
covered are the parameters required for the component 
to effectively communicate 
with other components. 


These types of issues are common to both system and 
component initialization and will be covered in the fol- 
lowing text. 


Initialization of the system can be broken down into 
several steps. First, are the assumptions of each net- 
work station. 


The first assumption is that the type of data encoding 
to be used is predetermined for the system and that 
each station will adhere to the same basic rules defining 
that encoding. The second assumption is that the basic 
protocol 
and 
line discipline 
is predetermined 
and 


known. This means that all stations are using CSMA/ 
CD or SDLC or whatever, and that all stations are 
either full or half duplex. The third assumption is that 
the baud rate is preset for the whole system. Although 
the baud rate could probably be determined by the mi- 
croprocessor just by monitoring the link, it will malce it 
much simpler if the baud rate is known in advance. 


One of the first things that will be required during sys- 
tem initialization is the assignment of unique addresses 
for each station. In a two-station only environment this 
is not necessary and can be ignored. However, keep in 
mind, that all systems should be constructed for easy 
future expansions. Therefore, even in only a two station 
system, addresses should be assigned. There are three 
basic ways in which addresses can be assigned. The 
first, and most common is preassigned addresses that 
are loaded into the station by the user. This could be 
done with a DIP-switch, through a keyboard. The sec- 
ond method of assigning addresses is to randomly as- 
sign an address and then check for its uniqueness 
throughout 
the system, and the third method is to 


make an inquiry to the system for the assignment of a 
unique address. Once the method of address assignment 
is determined, the method should become part of the 
specifications for the system to which all additions will 
have to adhere. This, then, is the final assumption. 


The negotiation process may not be clear for some 
readers. The following two procedures are given as a 
guideline for dynamic address assignment. 


In the first procedure, a station assumes a random ad- 
dress and then checks for its uniqueness throughout the 
system. As a station is initialized into the system it 
sends out a message containing its assumed address. 
The format of the message should be such that any 
station decoding the address recognizes it as a request 
for initialization. If that address is already used, the 
receiving station returns a message, with its own ad- 
dress stating that the address in question is already tak- 
en. The initializing station then picks another address. 
When the initializing station sends its inquiry for the 
address check, a timer is also started. If the timer ex- 
pires before the inquiry is responded to, then that sta- 
tion assumes the address chosen is okay. 


enter 


In the second procedure, an initializing station asks for 
an address assignment from the system. This requires 
that some station on the link take care of the task of 
maintaining a record of which addr~.ses are used. This 
station will be called station-I. When the initializing 
station, called station-2, gets on the link, it sends out a 
message with a broadcast address. The format of the 
message should be such that all oth,~r stations on the 
link recognize it as a request for address assignment. 
Part of the message from station-2 is a random number 
generated by the station requesting the address. Sta- 
tion-2 then examines all received messages for this ran- 
dom number. The random number could be the address 
of the received message or could be within the informa- 
tion section of a broadcast frame. AJtIthe stations, ex- 
cept station-I, on the link should ignore the initializa- 
tion request. Station-I, upon receivin,gthe initialization 
request, assigns an address and retums it to station-2. 
Station-I will be required to format the message in such 
a manner so that all stations on the link recognize it as 
a response to initialization. This means that all stations 
except station-2 ignore the return me:ssage. 


There are two test modes associated with the GSC that 
are made available to the user. The test modes are 
named Raw Receive and Raw Transmit. 
The test 
modes are selected by the proper setting of the two 
mode bits in GMOD 
(MO = 
GMOD.5, 
MI 
= 
GMOD.6). If MI,MO = 0,1 then Raw Transmit is se- 
lected. If MI,MO = 1,0 then Raw Receive is enabled. 


In Raw Transmit, the transmit output is internally con- 
nected to the Receiver input. This is intended to be 
used as a local loop-back test mode, so that all data 
written to the transmitter will be returned by the re- 
ceiver. Raw Transmit can also be used to transmit user 
data. If Raw Transmit is used in this way the data is 
emitted with no preamble, flag, address, CRC, and no 
bit insertion. The data is still encoded with whatever 
format is selected, Manchester with CSMA/CD, NRZI 
with SDLC or as NRZ if external clocks are used. The 
receiver still operates as normal and in this mode most 
of the receive functions can be tested. 


In Raw Receive, the transmitter should be externally 
connected to the receiver. To do this a port pin should 
be used to enable an external device to connect the two 
pins together. In Raw Receive mode the receiver acts as 
normal except that all bytes following the BOF are 
loaded into the receive FIFO, including the CRC. Also 
address recognition is not active but needs to be per- 
formed in software. If SDLC is selected as the protocol, 
zero-bit deletion is still enabled. The transmitter 
still 


operates as normal and in this mode most of the trans- 
mitter functions and an external transceiver can be test- 
ed. This is also the only way that the CRC can be read 
by the CPU, but the CRC error bit will not be set. 


A signal is provided from the CI52 to enable transmit- 
ter drivers for the serial link. This is provided for sys- 
tems that require more than what the GSC ports are 
capable of delivering. The voltage and currents that the 
GSC is capable of providing are the same levels as those 
for normal port operation. The signal used to enable the 
external drivers is DEN. No similar signal is needed for 
the receiver. 


Data jitter is the difference between the actual transmit- 
ted waveform and the exact calculated value(s). In 
NRZI, data jitter would be how much the actual wave- 
form exceeds or falls short of one calculated bit time. A 
bit time equals Ilbaud rate. If using Manchester encod- 
ing, there can be two transitions during one bit time as 
shown in Figure 3.11. This causes a second parameter 
to be considered when trying to figure out the complete 
data jitter amount. This other parameter is the half-bit 
jitter. The half-bit jitter is comprised of the difference in 
time that the half-bit transition actually occurs and the 
calculated value. Jitter is important because if the tran- 
sition occurs too soon it is considered noise, and if the 
transition occurs too late, then either the bit is missed 
or a collision is assumed. 
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The GSC is capable 
of three 
types of data encoding, 


Manchester, 
NRZI, 
and NRZ. 
Figure 
3.12 shows ex- 
amples of all three types of data encoding. 


The receiver 
is always 
monitored 
at eight 
times 
the 


baud rate frequency, 
except when an external 
clock is 


used. When using an external clock the receiver is load- 
ed during the clock cycle. 


In CSMA/CD 
mode the receiver synchronizes 
to the 


transmitted 
data during the preamble. 
If a pulse is de- 
tected as being too short it is assumed 
to be noise or a 


collision. 
If a pulse is too long it is assumed 
to be a 


collision or an idle condition. 


In SDLC 
the synchronization 
takes place during 
the 


BOF flag. In addition, 
pulses less than four sample pe- 


riods are ignored, and assumed to be noise. This sets a 
lower limit on the pulse size of received zeros. 


In CSMA/CD 
the preambl~ consists of alternating 
Is 


and 
Os. Consequently, 
the 
preamble 
looks 
like 
the 


waveform in Figure 3.13A and 3.13B. 


To select 
external 
clocking, 
the 
USt~ris given 
three 


choices. External 
clocking can be used with the trans- 


mitter, with the receiver, or with both. To select exter- 
nal clocking 
for the transmitter, 
XTCLK 
(GMOD.7) 


has to be set to a 1. To select external clocking for the 
receiver, XRCLK 
(PCON.3) 
has to be set to a 1. Set- 
ting both bits to I forces external 
clocking for the re- 
ceiver and transmitter. 


The external 
transmit 
clock is applied to pin 4 (TXC), 
P1.3. The external 
receive clock 
is applied 
to pin 5 
(RXC), 
PIA. 
To enable the external 
clock function 
on 
the port pin, that pin has to be set to a I in the appro- 
priate SFR, PI. 


Whenever the external clock option is used, the format 
of the transmitted 
and received 
data 
is restricted 
to 
NRZ encoding and the protocol 
is restricted 
to SDLC. 


With 
external 
clock, the bit stuffing/stripping 
is still 
active with SDLC protocol. 


3.6.1 Determining 
Line Discipline 


In normal 
operation 
the GSC uses full or half duplex 
operation. 
When using a 32-bit CRC (GMOD.3 
= I), 
operation 
can only be half duplex. 
If using a 16-bit 
CRC 
(GMOD.3 
= 0), full duplex 
is selected 
by de- 
fault. 
When 
using a 16-bit CRC 
the receiver 
can be 
turned off while transmitting 
(RST AT.I = 0), and the 
transmitter 
can 
be 
turned 
off 
during 
reception 
(TST AT.I 
= 0). This simulates 
half-duplex 
operation 
when using a 16-bit CRe. 


Normally, 
HDLC 
uses a 16-bit CRC, so half duplex is 
determined 
by turning 
off the receiver or transmitter. 


This is so that the receiver will not detect its own ad- 


inter 


o : 
, 
1 
! 
, 
, 


I 
I 
• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


WlIlliIIIIII!IIIIIII!IIIII!I!1111111 
II IIIIIIIIIIIIIIII!IIIIIIIIIIIII 
W 111111W !1111114IIIII!II 
1111111I11111III! IIIIIIIIIIIIII!III!IIIII! 
I! !II 
I 
, 
I 
I 
I 


• 
I 
I 
I 
I 
, 
. 
, 
, 
, 
, 
. 
, 
, 
, 
,,,,, 


,,,,,, 


t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


UIlillI 
1111111111111II 111111111111111II! IIII!IIIIII 
III II III 1I1111!11I II 11111111111111III 111111111111111111111111111111111II 1111111111111111 


t 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
, 


inter 


dress as transmission takes place. TIns also needs to be 
done when using CSMA/CD with a 16-bitCRC for the 
same reason. 


The data for transmission or receptlon can be handled 
by either the CPU (TSTAT.O = 0) or DMA controller 
(TSTAT.O = I). This allows the user two sets of flags 
to control the FIFO. Associated with these flags are 
interrupts, which may be enabled by the user software. 
Either one or both sets of flagsmay be used at the same 
time. 


In CPU control mode the flags(RFNE,TFNF) are gen- 
erated by the condition of the receive or transmit FI- 
FO's. After loading a byte into the transmit FIFO, 
there is a one machine cycle latem:y until the TFNF 
flag is updated. Because of this latency, the status of 
TFNF should not be checked immediately following 
the instruction to load the transmit FIFO. If using the 
interrupts to service the transmit FIFO,the one ma- 
chine cycle of latency must be considered if the TFNF 
flag is checked prior to leaving the :mbroutine. 


When using the CPU for control, transmission normal- 
ly is initiated by setting the TEN bit (TSTAT.I) and 
then writing to TFIFO. TEN must be set before load- 
ing the transmit FIFO, as setting TEN clears the trans- 
nlit FIFO. TCDCNT should also be checked by user 
software and cleared if a collision occurred on a prior 
transmission. 


To enable the receiver, GREN (RSTAT.I) is set. After 
GREN is set, the GSC begins to lock for a valid BOF. 
After detecting a valid BOF the GSC attempts to 
match the received address byte(s) against the address 
match registers. When a match occurs the frame is 
loaded into the GSC. Due to the CRC strip hardware, 
there is a 40 or 24 bit time delay following the BOF 
until the first data byte is loaded into RFIFO if the 32 
or.16 bit CRC is chosen. If the end of frame is detected 
before data is loaded into the receiveFIFO, the receiver 
ignores that frame. 


If the receiver detects a collision during reception in 
CSMA/CD mode and if any bytes have been loaded 
into the receiveFIFO, the RCABT flag is set. The GSC 
hardware then halts reception and resets GREN. The 
user software needs to filter any collisionfragment data 
which may have been received.If th(:collisionoccurred 
prior to the data being loaded into ItFIFO the CPU is 
not notified and the receiver is left enabled. At the end 
of a reception the RDN bit is set and GREN is cleared. 
In RABEN mode this causes an acknowledgement to 
be transnlitted if the frame did not have a broadcast or 


multi-cast address. The user software can enable the 
interrupt for RON to determine when a frame is com- 
pleted. 


In DMA mode the interrupts are generated by the in- 
ternal "transnlit/receive 
done" (TDN,RON) 
condi- 


tions. When the CPU responds to TDN or RON, 
checks are performed to see if the transmit underrun 
error has occurred. The underrun condition is only 
checked when using the DMA channels. 


Upon power up the CPU mode is initialized. General 
DMA control is covered in Section 4.0. DMA control 
of the GSC is covered in Section 3.5.4. IfDMA is to be 
used for servingthe GSC, it must be configured into the 
serial channel demand mode and the DMA bit in 
TSTAThas to be set. 


The actions that are taken by the GSC if a collision 
occurs while transmitting depend on where the colli- 
sion occurs. If a collision occurs in CSMA/CD mode 
followingthe preamble and BOF flag, the TCDT flag is 
set and the transnlit hardware completes a jam. When 
this type of collision occurs, there will be no automatic 
retry at transmission. After the jam, control is returned 
to the CPU and user software must then initiate what- 
ever actions are necessary for a proper recovery. The 
possibility that data might have been loaded into or 
from the GSC deserves special consideration. If these 
fragments of a message have been passed on to other 
devices,user software may have to perform someexten- 
sive error handling or notification. Before starting a 
new message,the transnlit and receive FIFOs will need 
to be cleared. If DMA servicingis being used the point- 
ers must also be reinitialized. It should be noted that a 
collisionshould never occur after the BOF flag in a well 
designed system, since the system slot time will likely 
be less than the preamble length. The occurrence of 
such a situation is normally due to a station on the link 
that is not adhering to proper CSMA/CD protocol or 
is not using the same timings as the rest of the network. 


A collision occurring during the preamble or BOF flag 
is the normal type of collision that is expected. When 
this type of collision occurs the GSC automatically 
handles the retransmission attempts for as many as 
eight tries. If on the eighth attempt a collision occurs, 
the transmitter is disabled, although the jam and back- 
off are performed. If enabled, the CPU is then inter- 
rupted. The user software should then determine what 
action to take. The possibilitiesrange from just report- 
ing the error and aborting transmission to reinitializing 
the serial channel registers and attempt retransmission. 


inter 


If less than eight attempts are desir,~dTCDCNT can be 
loaded with some value which will reduce the number 
of collisions possible before TCDCNT overflows. The 
value loaded should consist of all Is as the least signifi- 
cant bits, e.g. 7, OFH, 3FH. A solid block of Is is sug- 
gested because TCDCNT is used as a mask when gen- 
erating 
the 
random 
slot 
number 
assignment. 
The 


TCDCNT register operates by shifting the contents one 
bit position to the left as each colhsion is detected. As 
each shift occurs a 1 is loaded into the LSB. When 
TCDCNT 
overflows, GSC operation 
stops and the 


CPU is notified by the setting of the TCDT bit which 
can flag an interrupt. 


The amount of time that the GSC has before it must be 
ready to retransmit after a collision is determined by 
the mode which is selected. The mode is determined 
MO (GMOD.5) and Ml (GMOD.6). If MO and Ml 
equal 0,0 (normal backofl) then the minimum period 
before retransmission 
will be either 
the interframe 


space or the backoff period, whicht:ver is longer. If MO 
and Ml equal 1,1 (alternate backofl) then the minimum 
period before retransmission 
will be the interframe 


space plus the backoff period. Both of these are shown 
in Figure 3.4. Alternate backoff must be enabled if us- 
ing deterministic resolution. If the GSC is not ready to 
retransmit by the time its assigned slot becomes avail- 
able, the slot time is lost and the st<ltionmust wait until 
the collision resolution time period has passed. 


Instead of waiting for the collision resolution to pass, 
the transmission could be aborted. The decision to 
abort is usually dependent on the n'Jmber of stations on 
the link and how many collisions have already oc- 
curred. The number of collisions can be obtained by 
examining the register, TCDCNT. The abort is normal- 
ly implemented by clearing TEN. The new transmis- 
sion begins by setting TEN and loading TFIFO. The 
minimum amount of time available to initiate a retrans- 
mission would be one interframe space period after the 
line is sensed as being idle. 


As the number of stations approach 256 the probability 
of a successful transmission decreases rapidly. If there 
are more than 256 stations involved in the collision 
there would be no resolution since at least two of the 
stations will always have the same backoff interval se- 
lected. 


All the stations monitor the link as long as that station 
is active, even if not attempting to transmit. This is to 
ensure that each station always defers the minimum 
amount oftime before attempting a transmission and so 
that addresses are recognized. However, the collision 
detect circuitry operates slightly differently. 


In normal back-off mode, a transmitting station always 
monitors the link while transmitting. If a collision is 
detected one or more of the transmitting stations apply 
the jam signal and all transmitting stations enter the 
back-off algorithm. The receiving stations also con- 
stantly monitor for a collision but do not take part in 
the resolution phase. This allows a station to try to 
transmit in the middle of a resolution period. This in 
turn mayor may not cause another collision. If the new 
station trying to transmit on the link does so during an 
unused slot time then there will probably not be a colli- 
sion. If trying to transmit during a used slot time, then 
there will probably be a collision. The actions the re- 
ceiver does take when detecting a collision is to just 
stop receiving data if data has not been loaded into 
RFIFO 
or to stop reception, clear receiver enable 
(REN) 
and set the receiver abort flag (RCABT 
- 


RSTAT.6). 


If deterministic resolution is used, the transmitting sta- 
tions go through pretty much the same process as in 
normal back-off, except that the slots are predeter- 
mined. All the receivers go through the back-off algo- 
rithm and may only transmit during their assigned slot. 


3.6.4 SUCCESSFUL 
ENDING 
OF 
TRANSMISSIONS 
AND RECEPTIONS 


In both CSMA/CD and SDLC modes, the TDN bit is 
set and TEN cleared at the end of a successful trans- 
mission. The end of the transmission occurs when the 
TFIFO is empty and the last byte has been transmitted. 
In CSMA/CD the user should clear the TCDCNT reg- 
ister after successful transmission. 


At the end of a successful reception, the RDN bit is set 
and GREN 
is cleared. The end of reception occurs 
when the EOF flag is detected by the GSC hardware. 


inter 


3.7 
Register Description!! 


ADRO,I,2,3 (95H, OASH, OB5H, OC5H) - Address 
Match Registers 0,1,2,3 - Contains the address match 
values which determines which data will be accepted as 
valid. In 8 bit addressing mode, a m~ltchwith any of the 
four registers will trigger acceptance. In 16 bit address- 
ing mode a match with ADRI:ADRO or ADR3:ADR2 
will be accepted. Addressing mode is determined in 
GMOD (AL). 


AMSKO,I (OD5H, OE5H) - Addres!. Match Mask 0,1 - 
Identifies which bits in ADRO, I are "don't care" bits. 
Writing a one to a bit in AMSKO,I masks out that 
corresponding bit in ADDRO,!. 


BAUD (94H) - GSC Baud Rate Gmerator 
- Contains 


the value of the programmable baud rate. The data rate 
will equal (frequency of the oscillator)/«BAUD 
+ 1) 
X (8». Writing to BAUD actually stores the value in a 
reload register. The reload register (:ontents are copied 
into the BAUD register when the Baud register decre- 
ments to COH.Reading BAUD yields the current timer 
value. A read during GSC operation will give a value 
that may not be current because the timer could decre- 
ment between the time it is read by the CPU and by the 
time the value is loaded into its destination. 


BKOFF (OC4H) - BackofTTimer - The backofTtimer is 
an eight bit count-down timer with a clock period equal 
to one slot time. The backofT time is used in the 
CSMA/CD 
collision resolution algorithm. The user 


software may read the timer but the value may be inval- 
id as the timer is clocked asynchronously to the CPU. 
Writing to OC4H will have no efTect. 


GMOD(84H) 
76543210 


~~ 
Figure 3.14. GMOD 


GMOD.O (PR) - Protocol - If set, SDLC protocols with 
NRZI encoding and SDLC flags are used. If cleared, 
CSMA/CD 
link access with Manchester encoding is 


used. The user software is responsible for setting or 
clearing this flag. 


GMOD.I,2 (PLO,I) - Preamble length 
PLi PLO LENGTH (BITS) 
o 
0 
0 
018 
I 
0 
32 
I 
I 
64 


The length includes the two bit Begin Of Frame (BOF) 
flag in CSMA/CD but does not include the SDLC flag. 
In SDLC mode, the BOF is an SDLC flag, otherwise it 
is two consecutive ones. Zero length is not compatible 
in CSMA/CD 
mode. The user software is responsible 
for setting or clearing these bits. 


GMOD.3 (CT) - CRC Type - If set, 32 bit AUTODIN- 
II-32 is used. If cleared, 16 bit CRC-CCITT 
is used. 


The user software is responsible for setting or clearing 
this flag. 


GMOD.4 (AL) - Address Length - If set, 16 bit ad- 
dressing is used. If cleared, 8 bit addressing is used. In 8 
bit mpde a match with any of the 4 address registers 
will be accepted 
(ADRO, ADRI, 
ADR2, 
ADR3). 


"Don't Care" bits may be masked in ADRO and ADRI 
with AMSKO and AMSK I. In 16 bit mode, addresses 
are 
matched 
against 
"ADRI:ADRO" 
or 
"ADR3: 


ADR2". 
Again, "Don't 
Care" bits in ADRI:ADRO 
can be masked in AMSKI:AMSKO. A received address 
of all ones will always be recognized in any mode. The 
user software is responsible for setting or clearing this 
flag. 


GMOD.5,6 (MO,MI) - Mode Select - Two test modes, 
an optional "alternate backoff" mode, or normal back- 
ofTcan be enabled with these two bits. The user soft- 
ware is responsible for setting or clearing the mode bits. 


MI 
MO 
Mode 
o 
0 
Normal 
o 
I 
Raw Transmit 
I 
0 
Raw Receive 
I 
I 
Alternate BackofT 


In raw receive mode, the receiver operates as normal 
except that all the bytes following the BOF are loaded 
into the receive FIFO, including the CRe. The trans- 
mitter operates as normal. 


In raw transmit mode the transmit output is internally 
connected to the receiver input. The internal connec- 
tion is not at the actual port pin, but inside the port 
latch. All data transmitted is done without a preamble, 
flag or zero bit insertion, and without appending a 
CRC. The receiver operates as normal. Zero bit dele- 
tion is performed. 


In alternate backofTmode the standard backofTprocess 
is modified so the the backofTis delayed until the end of 
the IFS. This should help to prevent collisions con- 
stantly happening because the IFS time is usually larger 
than the slot time. 


inter 


GMOD.7 (XTCLK) - External Transmit Clock - If set 
an external IX clock is used for the transmitter. 
If 
cleared the internal baud rate generator provides the 
transmit 
clock. The input clock is applied to P1.3 


(TXC). The user software is responsible for setting or 
clearing this flag. External receive clock is enabled by 
setting PCON.3. 


IFS (OA4H) - Interframe 
Spacing - Determines the 
number of bit times separating transmitted frames in 
CSMA/CD. 
A bit time is equal to l/baud 
rate. Only 
even interframe space periods can be used. The number 
written into this register is divided by two and loaded in 
the most significant seven bits. C.omplete interframe 
space is obtained by counting thi3 seven bit number 
down to zero twice. A user software read of this register 
will give a value where the seven most significant bits 
gives the current count value and the least significant 
bit shows a one for the first count-down and a zero for 
the second count. The value read may not be valid as 
the timer is clocked in periods not necessarily associat- 
ed with the CPU read of IFS. Loading this register with 
zero results in 256 bit times. 


MYSLOT.O, I, 2, 3, 4, 5 - Slot Address - The six ad- 
dress bits choose I of 64 slot addre3ses. Address 63 has 
the highest priority and address 
J. has the lowest. A 
value of zero will prevent a station from transmitting 
during the collision resolution period by waiting until 
all the possible slot times have elapsed. The user soft- 
ware normally initializes this address in the operating 
software. 


MYSLOT.6 (OCR) - Deterministic Collision Resolu- 
tion Algorithm - When set, the alternate collision reso- 
lution algorithm is selected. Retriggering of the IFS on 
reappearance of the carner is also disabled. When using 
this feature Alternate Backoff Mode must be selected 
and several other registers must be initialized. User 
software must initialize TCDCNT with the maximum 
number of slots that are most appropriate for a particu- 
lar application. The PRBS register must be set to all 
ones. This disables the PRBS by freezing it's contents at 
OFFH. The backoff timer is used to count down the 
number of slots based on the slot timer value setting the 
period of one slot. The user software is responsible for 
setting or clearing this flag. 


MYSLOT.7 (DCJ) - D.C. Jam - When set selects D.C. 
type jam, when clear, selects A.C. type jam. The user 
software is responsible for setting or clearing this flag. 


PCON contains bits for power control, LSC control, 
DMA control, and GSC control. The bits used for the 
GSC are PCON.2, PCON.3, and PCON.4. 


PCON.2 (GFIEN) 
- GSC Flag Idle Enable - Setting 


GFIEN to a I caused idle flags to be generated between 
transmitted 
frames in SDLC mode. SDLC idle flags 


consist 
of 
01111110 
flags 
creating 
the 
sequence 


01111110011111110 
011111110. A possible side 


effect of enabling GFIEN is that the maximum possible 
latency from writing to TFIFO 
until the first bit is 


transmitted increased from approximately 2 bit-times 
to around 
8 bit-times. GFIEN 
has no effect with 


CSMA/CD. 


PCON.3 (XRCLK) - GSC External Receive Clock En- 
able - Writing a I to XRCLK enables an external clock 
to be applied to pin 5 (Port 1.4). The external clock is 
used to determine when bits are loaded into the receiv- 
er. 


PCON.4 (GAREN) - GSC Auxiliary Receiver Enable 
Bit - This bit needs to be set to a I to enable the recep- 
tion of back-to-back SDLC frames. A back-to-back 
SDLC frame is when the EOF and BOF is shared be- 
tween two sequential frames intended for the same sta- 
tion on the link. If GAREN contains a 0 then the re- 
ceiver will be disabled upon reception of the EOF and 
by the time user software re-enables the receiver the 
first bit(s) may have already passed, in the case of back- 
to-back frames. Setting GAREN to a I, prevents the 
re<;eiverfrom being disabled by the EOF but GREN 
will be cleared and can be checked by user software to 
determine that an EOF has been received. GAREN has 
no effect if the GSC is in CSMA/CD mode. 


PRBS (OE4H) - Pseudo-Random 
Binary Sequence - 


This register contains a pseudo-random number to be 
used in the CSMA/CD backoff algorithm. The number 
is generated by using a feedback shift register clocked 
by the CPU phase clocks. Writing all ones to the PRBS 
will freeze the value at all ones. Writing any other value 
to it will restart the PRBS generator. The PRBS is ini- 
tialized to all zero's during RESET. A read of location 
OE4H will not necessarily give the seed used in the 
backoff algorithm 
because the PRBS counters 
are 
clocked by internal CPU phase clocks. This means the 
contents of the PRBS may have been altered between 
the time when the seed was generated and before a 
READ has been internally executed. 


inter 


RFIFO (OF4H) - Receive FIFO - RJFIFO is a 3 byte 
buffer that is loaded each time the GSC receiver has a 
byte of data. Associated with RFIFO is a pointer that is 
automatically updated with each reac1of the FIFO. A 
read of RFIFO fetches the oldest data in the FIFO. 


RSTAT.O (RABEN) - Hardware Ba!.ed Acknowledge 
Enable - If set, enables the hardwan, based acknowl- 
edge feature. The user software is responsible for setting 
or clearing this flag. 


RSTAT.l 
(GREN) - Receiver Enable: - When set, the 


receiver is enabled to accept incoming frames. This also 
clears RDN, 
CRCE, AE, RCABT, and the receive 


FIFO. It is cleared by the receiver at the end of a recep- 
tion or if any errors occurred. The user software is re- 
sponsible for setting this flag and the GSC or user soft- 
ware can clear it. The status of GREN has no effect on 
whether the receiver detects a collision in CSMA/CD 
mode as the receiver input circuitry always monitors 
the receive pin. 


RSTAT.2 (RFNE) - Receive FIFO Not Empty - If set, 
indicates that the receive FIFO contains data. The re- 
ceive FIFO is a three byte buffer into which the receive 
data is loaded. A CPU read of the FIFO retrieves the 
oldest data and automatically updates the FIFO point- 
ers. Setting GREN to a one will clear the receive FIFO. 
The status of this flag is controlled by the GSC. It is 
cleared if user empties receive FIFO. 


RSTAT.3 (RDN) - Receive Done - If set, indicates the 
successful completion of a receiver operation. Will not 
be set if a CRC, alignment, abort, or FIFO overrun 
error occurred. The status of this flag is controlled by 
the GSC. 


RSTAT.4 (CRCE) - CRC Error - Ifset, indicates that a 
properly aligned frame was received with a mismatched 
CRC. The status of this flag is controlled by the GSC. 


RSTAT.5 (AE) - Alignment Error - If set, indicates 
that the line went idle when the receiver shift register 
was not full and the resulting CRC was bad in the 
CSMA/CD mode. If a correct CRC was valid then AE 
is not set. In SDLC mode, AE indicates that a non- 
byte-aligned flag was received. The status of this flag is 
controlled by the GSC. 


RSTAT.6 (RCABT) - Receiver Collision/Abort Detect 
- If set, indicates that a collision was detected after data 


had been loaded into the receive FIFO in CSMA/CD 
mode. In SDLC mode, RCABT indicates that 7 consec- 
utive ones were detected prior to the end flag but after 
data has been loaded into the receive FIFO. The status 
of this flag is controlled by the GSC. 


RSTAT.7 (OYR) - Overrun - If set, indicates that the 
receive FIFO was full and new shift register data was 
written into it. The setting of this flag is controlled by 
the GSC and it is cleared by user software. 


SLOTTM (OBH)- Slot Time - Determines the length of 
the slot time used in CSMAlCD. 
A slot time equals 


(256 - 
SLOTTM) 
X (I / 
baud rate). A read of 


SLOTTM will give the value of the slot time timer but 
the value may be invalid as the timer is clocked asyn- 
chronously to the CPU. Loading SLOTTM with 0 re- 
sults in 256 bit times. 


TCDCNT (OD4H) - Transmit Collision Detect Count - 
Contains the number of collisions that have occurred if 
probabilistic CSMA/CD 
is used. The user software 


must clear this register before transmitting a new frame 
so that the GSC backoff hardware can accurately dis- 
tinguish a new frame from a retransmit attempt. 


In deterministic backoff mode, TCDCNT 
is used to 


hold the maximum number of slots. 


TFIFO (85H) - GSC Transmit FIFO - TFIFO is a 3 
byte buffer with an associated pointer that is automati- 
cally updated for each write by user software. Writing a 
byte to TFIFO loads the data into the next available 
location in the transmit FIFO. Setting TEN clears the 
transmit FIFO so the transmit FIFO should not be 
written to prior to setting TEN. If TEN is already set 
transmission begins as soon as data is written to TFI- 
FO. 


TSTAT.O (DMA) - DMA Select - If set, indicates that 
DMA channels are used to service the GSC FIFO's and 
GSC interrupts occur on TDN and RDN, and also en- 
ables DR to become set. If cleared, indicates that the 
GSC is operating in its normal mode and interrupts 
occur on TFNF and RFNE. For more information on 
DMA servicing please refer to the DMA section on 
DMA serial demand mode (4.2.2.3). The user software 
is responsible for setting or clearing this flag. 


inter 


TST AT.l 
(TEN) 
- Transmit 
Enable - When set causes 
TDN, 
UR, TCDT, 
and NOACK 
flag to be reset and 
the TFIFO 
cleared. The transmitter 
will clear TEN af- 
ter 
a successful 
transmission, 
a collision 
during 
the 
data, CRC, or end flag. The user software is responsible 
for setting but the GSC or user software may clear this 
flag. If cleared during a transmission 
the GSC transmit 
pin goes to a steady state high level. This is the method 
used to send an abort character 
in SDLC. Also DEN is 
forced to a high level. The end of transmission 
occurs 
whenever 
the TFIFO 
is emptied. 


TSTAT.2 
(TFNF) 
- Transmit 
FIFO 
not full - When 
set, indicates 
that 
new data 
may be written 
into the 
transmit 
FIFO. The transmit 
FIFO is a three byte butT- 
er that loads the transmit 
shift register with data. The 
status of this flag is controlled 
by the GSc. 


TSTAT.3 
(TDN) 
- Transmit 
Done 
- When 
set, indi- 
cates the successful completion 
of a frame transmission. 


If HABEN 
is set, TDN 
will not be set until the end of 
the IFS following the transmitted 
message, so that the 
acknowledge 
can be checked. 
If an acknowledge 
is ex- 
pected and not received, TDN 
is not set. An acknowl- 
edge is not expected following a broadcast or multi-cast 
packet. The status of this flag is ;ontrolled 
by the GSc. 


TST AT.4 (TCDT) 
- Transmit 
Collision Detect 
- If set, 
indicates 
that the transmitter 
ha.lted due to a collision. 
It is set if a collision occurs during the data or CRC or 
if there are more than eight colli:,ions. The status of this 
flag is controlled 
by the GSC. 


TSTAT.5 
(DR) 
- Underrun 
- If set, indicates 
that 
in 
DMA mode the last bit was shifted out of the transmit 
register 
and that 
the DMA 
byte count 
did not equal 
zero. When an underrun 
occur:" the transmitter 
halts 
without 
sending the CRC or the end flag. The status of 
this flag is controlled 
by the GSC. 


TSTAT.6 
(NOACK) 
- No Acknowledge 
- If set, indi- 
cates that no acknowledge 
was T<~ceivedfor the previous 
frame. 
Will be set only if HABEN 
is set and no ac- 
knowledge 
is received 
prior 
to the 
end 
of the 
IFS. 


NOACK 
is not set following 
a broadcast 
or a multi- 
cast packet. The status of this flag is controlled 
by the 
GSC. 


TSTAT.7 
(LNI) 
- Line Idle - If set, indicates 
the re- 


ceive line is idle. In SD LC protocol it is set if 15 consec- 
utive ones are received. 
In CS'\1A/CD 
protocol, 
line 
idle is set if no transitions 
occur on GR X D for approx- 


imately 
1.6 bit times after a reqdired 
transition. 
LNI is 


cleared after a transition 
on GR X D. The status of this 
flag is controlled 
by the GSc. 


3.8 Serial Backplane vs. Network 


Environment 


The C 152 GSC port is intended 
to fulfill the needs of 
both serial backplane 
environment 
and the serial com- 
munication 
network environment. 
The serial backplane 
is where typically, 
only processor 
to processor 
commu- 


nications 
take place within 
a self contained 
box. The 
communication 
usually 
only encompasses 
those items 
which are necessary 
to accomplish 
the dedicated 
task 
for the box. In these types of applications 
there may not 
be a need for line drivers 
as the distance 
between 
the 
transmitter 
and 
receiver 
is relatively 
short. 
The 
net- 
work environment; 
however, usually requires transmis- 
sion of data over large distances 
and requires 
drivers 
and/or 
repeaters 
to ensure the data is received on both 
ends. 


The CI52 contains 
DMA 
(Direct 
Memory 
Accessing) 


logic to perform 
high speed data transfers 
between any 
two of 


Internal 
Data RAM 
Internal 
SFRs 


External 
Data RAM 


If external RAM is involved, the Port 2 and Port 0 ~ 
are used as the address/data 
bus, and RD 
and WR 
signals are generated 
as required. 


Hardware 
is also implemented 
to generate 
a Hold Re- 
quest signal and await a Hold Acknowledge 
response 


before 
commencing 
a 
DMA 
that 
involves 
external 


RAM. 


Alternatively, 
the Hold/Hold 
Acknowledge 
hardware 
can be programmed 
to accept 
a Hold 
Request 
signal 
from an external 
device and generate a Hold Acknowl- 
edge signal in response, 
to indicate 
to the requesting 
device that the C152 will not commence 
a DMA 
to or 
from external 
RAM 
while the Hold Request 
is active. 


The C152 contains 
two identical 
general purpose 
8-bit 


DMA 
channels 
with l6-bit addressability: 
DMAO and 


DMA1. DMA transfers can be executed by either chan- 
nel independent 
of the other, but only by one channel at 
a time. During 
the time that a DMA 
transfer 
is being 
executed, 
program 
execution 
is suspended. 
A DMA 
transfer 
takes 
one 
machine 
cycle 
(12 
oscillator 


DtolA CHANNEL 0 
DtolA CHANNEL 1 
I 
DARH<D 
I 
DARlO I 
I 
DARHI I I DARL1 I 
'--- 
. 
\ 
, 


DESTI~ATION ADDRESS 
DESTINATION ADDRESS 


I SARH<D 
I 
SARLO I 
SARHI I I SARLI I 
'--- 
, 
, 


SOURCE ADDRESS 
SOURCE ADDRESS 


I 
BCRH<D 
I 
BCRlO 
I 
BCRHI I I 
BCRL1 I 
'--- 
, 
, 


BYTE COUNT 
BYTE COUNT 


[ 
OCONO I 
I 
DCONI I 


DtolAOCONTROL 
DtolA1 CONTROL 


PCON 


'---' 


~ 
Two new bits 
In PCON control 


Hold/Hold 
Acknowledge 
logic 


periods) 
per byte transferred, 
except 
when the destina- 


tion 
and 
source 
are both 
in External 
Data 
RAM. 
In 
that 
case 
the 
transfer 
takes 
two 
ma~hine 
cycles 
per 


byte. 
The term 
DMA 
Cycle will be used to mean 
the 


transfer 
of a single data 
byte, 
whether 
it takes 
I or 2 


machine 
cycles. 


Associated 
with each channel 
are seven SFRs, 
shown in 


Figure 
4.1. SARLn 
and SARHn 
holds the low and high 


bytes of the source 
address. 
Taken 
tog(~ther they form a 


16-bit Source 
Address 
Register. 
DARLn 
and DARHn 


hold the low and high bytes of the destination 
address, 


and 
together 
form 
the 
Destination 
Address 
Register. 


BCRLn 
and BCRHn 
hold the low and high bytes of the 


number 
of bytes 
to be transferred, 
ar.d together 
form 


the Byte Count 
Register. 
DCONn 
con:ains 
control 
and 


flag bits. 


Two 
bits in DCONn 
are used 
to spedfy 
the physical 
destination 
of the 
data 
transfer. 
TheHe bits 
are 
DAS 


(Destination 
Address 
Space) and IDA 
(Increment 
Des- 


tination 
Address). 
If DAS 
= 0, the destination 
is in 


data 
memory 
external 
to the CIS2. 
If DAS 
= I, the 


destination 
is internal 
to the CIS2. 
If DAS 
= I and 


IDA 
= 0, the internal 
destination 
is a Special Function 


Register 
(SFR). 
If DAS 
= I and IDA 
= I, the inter- 
nal destination 
is in the 2S6-byte 
data 
RAM. 


In any 
case, 
if IDA 
= 
I, the 
destination 
address 
is 


automatically 
incremented 
after 
each 
byte 
transfer. 
If 


IDA 
= 0, it is not. 


Two other 
bits in DCONn 
specify 
the physical 
source 
of the data 
to be transferred. 
These 
are SAS (Source 


Address 
Space) 
and ISA (Increment 
Source 
Address). 


If SAS = 0, the source 
is in data 
memory 
external 
to 
the CIS2. 
IfSAS 
= I, the source is internal.lfSAS 
= 
I and ISA = 0, the internal 
source 
is an SFR. 
If SAS 
= I and ISA = I, the internal 
source is in the 2S6-byte 
data 
RAM. 


In any case, if ISA = I, the source address 
is automati- 
cally incremented 
after each byte transfer. 
If ISA = 0, 
it is not. 


The functions 
of these four control 
bits are summarized 


below: 


DAS 
IDA 
Destination 
Auto-Increment 


0 
0 
External 
RAM 
no 


0 
1 
External RAM 
yes 


1 
0 
SFR 
no 


1 
1 
Internal RAM 
yes 


SAS 
ISA 
Source 
Aut.lncrement 


0 
0 
External 
RAM 
no 


0 
1 
External 
RAM 
yes 


1 
0 
SFR 
no 


1 
1 
Internal RAM 
yes 
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There are four modes in which the DMA channel can 
operate. These are selected by the bits DM and TM 
(Demand Mode and Transfer Mode) in DCONn: 


OM 
TM 
OJleratlng Mode 


0 
0 
Alternate Cycles Mode 
0 
1 
Burst Mode 


1 
0 
Serial Port Demand Mode 
1 
1 
External Demand Mode 


In Alternate Cycles Mode the DMA is initiated by set- 
ting the GO bit in DCONn. FoIlowing the instruction 
that set the GO bit, one more instruction is executed, 
and then the first data byte i!i transferred from the 
source address to the destination address. Then another 
instruction is executed, and then another byte of data is 
transferred, and so on in this manner. 


Each time a data byte is transferred, 
BCRn (Byte 


Count Register for DMA Channel n) is decremented. 
When it reaches OOOOH,on-chip hardware clears the 
GO bit and sets the DONE bit, and the DMA ceases. 
The DONE bit flags an interrupt. 


Burst Mode differs from Alternate Cycles mode only in 
that once the data transfer has begun, program execu- 
tion is entirely suspended until BCRn reaches OOOOH, 
indicating that all data bytes that were to be transferred 
have been transferred. The interrupt control hardware 
remains active during the DMA, so interrupt flags may 
get set, but since program execution is suspended, the 
interrupts will not be serviced while the DMA is in 
progress. 


In this mode the DMA can be used to service the Local 
Serial Channel (LSC) or the Global Serial Channel 
(GSC). 


In Serial Port Demand Mode th,~DMA is initiated by 
any of the foIlowing conditions, J' the GO bit is set: 
Source Address = SBUF 
.AND. 
RI = 1 
Destination Address = SBUF 
.AND. TI = 1 
Source Address = RFIFO 
.AND. 
RFNE = 1 
Destination Address = TFIFO 
.AND. TFNF = 1 


Each time one of the ll,bove conditions is met, one 
DMA Cycle is executed; that is, one data byte is trans- 
ferred from the source address 
1.0 the destination ad- 


dress. On-chip hardware then clears the flag (RI, TI, 
RFNE, or TFNF) that initiated the DMA, and decre- 
ments BCRn. Note that since the flag that initiated the 
DMA is cleared, it wiIl not generate an interrupt unless 
DMA servicing is held off or the byte count equals O. 
DMA servicing may be held off when alternate cycle is 
being used or by the status of the HOLD/HLDA 
logic. 


In these situations the interrupt for the LSC may occur 
before the DMA can clear the RI or TI flag. This is 
because the LSC is serviced according to the status of 
RI and TI, whether or not the DMA channels are being 
used for the transferring of data. The GSC does not use 
RFNE or TFNF flags when using the DMA channels 
so these do not need to be disabled. When using the 
DMA channels to service the LSC it is recommended 
that the interrupts (RI and TI) be disabled. If the dec- 
remented 
BCRn is OOOOH,on-chip hardware 
then 


clears the GO bit and sets the DONE bit. The DONE 
bit flags an interrupt. 


In External Demand Mode the DMA is initiated by 
one of the External Interrupt pins, provided the GO bit 
is set. INTO initiates a Channel 0 DMA, and INTI 
initiates a Channel I DMA. 


If the external interrupt is configured to be transition- 
activated, then each I-to-O transition at the interrupt 
pin sets the corresponding external interrupt flag, and 
generates one DMA Cycle. Then, BCRn is decrement- 
ed. No more DMA Cycles take place until another 
I-to-O transition is seen at the external interrupt pin. If 
the decremented BCRn = OOOOH,on-chip hardware 
clears the GO bit and sets the DONE bit. If the exter- 
nal interrupt is enabled, it will be serviced. 


If the external interrupt is configured to be level-acti- 
vated, then DMA Cycles commence when the interrupt 
pin is puIled iow, and continue for as long as the pin is 
held low and BCRn is not OOOOH.If BCRn reaches 0 
while the interrupt pin is stiIllow, the GO bit is cleared, 
the DONE bit is set, and the DMA ceases. If the exter- 
nal interrupt is enabled, it wiIl be serviced. 


If the interrupt pin is pulled up before BCRn reaches 
OOOOH,then the DMA ceases, but the GO bit is still I 
and the DONE bit is still O.An external interrupt is not 
generated in this case, since in level-activated mode, 
pulling the pin to a logical I clears the interrupt flag. If 
the interrupt pin is then puIled low again, DMA trans- 
fers will continue from where they were previously 
stopped. 


The timing for the DMA Cycle in the transition-acti- 
vated mode, or for the first DMA Cycle in the level-ac- 
tivated mode is as foIlows: If the I-to-O transition is 
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detected before the final machine cyde of the instruc- 
tion in progress, then the DMA commences as soon as 
the instruction in progress is completed. Otherwise, one 
more instruction 
will be executed before the DMA 


starts. No instruction is executed during any DMA Cy- 
cle. 


Timing diagrams for single-byte DMA transfers are 
shown in Figures 4.2 through 4.5 for four kinds of 
DMA Cycles: internal memory to internal memory, in- 
ternal memory to external memory, external memory 
to internal memory, and external memory to external 
memory. In each case we assume the CI52 is executing 
out of external program memory. If the CI52 is execut- 
ing out of internal program memory, then PSEN is in- 
active, and the Port 0 and Port 2 pin> emit PO and P2 
SFR data. If External Data Memory is involved, the 
Port 0 and Port 2 pins are used as the .iddress/data bus, 


and RD and/or WR signals are generated as needed, in 
the same manner as in the execution of a MOVX 
@DPTR instruction. 


Two operating modes of HoldlHold Acknowledge log- 
ic are available, and either or neither may be invoked 
by software. In one mode, the C152 generates a Hold 
Request signal and awaits a Hold Acknowledge re- 
sponse before commencing a DMA that involves exter- 
nal RAM. This is called the Requester Mode. 


In the other mode, the C152 accepts a Hold Request 
signal from an external device and generates a Hold 
Acknowledge signal in response, to indicate to the re- 
questing device that the CI52 will not commence a 
DMA to or from external RAM while the Hold Re- 
quest is active. This is called the Arbiter mode. 
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The Requester Mode is selected by setting the control 
bit REQ, which resides in PCON. In that mode, when 
the Cl52 wants to do a DMA to External Data Memo- 
ry, it first generates a Hold Request signal, HLD, and 
waits for a Hold Acknowledge signal, HLDA, before 
commencing the DMA operation. Note that program 
execution continues while HLDA is awaited. The 
DMA is not begun until a logical 0 is detected at the 
HLDA pin. Then, once the DMA has begun, it goes to 
completion regardless of the 10glClevel at HLDA. 


The protocol is activated only for DMAs (not for pro- 
gram fetches or MOVX operations), and only for 
DMAs to or from External Data Memory. If the data 
destination and source are both internal to the C152, 
the HLDIHLDA protocol is not used. 


The HLD output is an alternate function of port pin 
P1.5, and the HLDA input is an alternate function of 
port pin P1.6. 


For DMAs that are to be driven by some device other 
than the C152, a different version of the HoldlHold 
Acknowledgeprotocol is available. In this version, the 
device which is to drive the DMA sends a Hold Re- 
quest signal, HLD, to the C152. If the Cl52 is current- 
ly performinga DMA to or from External Data Memo- 
ry, it will complete this DMA before responding to the 
Hold Request. When the Cl52 responds to the Hold 
Request, it does so by activating a Hold Acknowledge 
signal, HLDA. This indicates that the Cl52 will not 
commence a new DMA to or from External Data 
Memory while HLD remains active. 


Note that in the Arbiter Mode the Cl52 does not sus- 
pend program execution at all, even if it is executing 
from external program memory. It does not surrender 
use of its own bus. 


The Hold Request input, HLD, is at PI.5. The Hold 
Acknowledge output, 
HLDA, 
is 
at 
P1.6. 
This 


version of the Hold/Hold 
Acknowledge feature is se- 


lected by setting the control bit ARB in PCON. 


The functions of the ARB and REQ bits in PCON, 
then, are 


ARB 
REQ 
Hold/Hold 
Acknowledge 
logic 


0 
0 
Disabled 
0 
1 
C152 generates 
HLD, detects 
HLDA 


1 
0 
C152 detects 
HLD, gl3nerates HLDA 


1 
1 
Invalid 


4.3.3 USING 
THE HOLD/HOLD 
ACKNOWLEDGE 


The HOLD/HOLDA 
logic only affel;ts DMA opera- 


tion with external RAM and doesn't alTectother opera- 
tions with external RAM, such as MOVX instruction. 


Figure 4.6 shows a system in which I:WO 83C152s are 
sharing a global RAM. In this system, both CPUs are 
executing from internal ROM. Neith'lr CPU uses the 
bus except to access the shared RAM, and such access- 
es are done only through DMA operations, not by 
MOVX instructions. 


One CPU is programmed to be the Arbiter and the 
other, to be the Requester. The ALE Switch selects 
which CPU's ALE signal will be directed to the address 
latch. The Arbiter's ALE is selected if HLDA is high, 
and the Requester's ALE is selected if HLDA is low. 


ALE (ARB) 
rr RIllA = 1 


ALE (REQ) 
rrRrnA=o 


The ALE Switch logic can be implemented by a single 
74HCOO,as shown in Figure 4.7. 


Figure 4.8 shows the additional gating that is required 
when one of the CPUs is executing from external 
ROM. In this case the CPU has constant access to its 
own local bus, and accesses the global RAM only after 
gaining access to a global address/data 
bus. 


If the CPU is programmed to be a Requester, as shown 
in Figure 4.8, then when it wants to access the global 
RAM it first activates HLD, and continues program 
execution on its own local bus while awaiting an active 
level at HLDA. 


An active level at HLDA enables the local bus to the 
global bus, and signals the ~uester 
to proceed with 


its DMA. The Requester's RD signal, rather than its 
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WR signal, is used to control the direction of the trans- 
ceiver. This is to ensure that the transceiver will not try 
to drive the local bus before the DMA has actually 
begun. 


RD from the Requester is ~cally 
ANDed with RD 
from the Arbiter to activate OE to the RAM. WR from 
the Requester can norm'!!!y be hard-wired to WR from 
the Arbiter to activate WE to the RAM. 


The DMA Arbitration described ill this section is not 
arbitration 
between two devices wanting to access a 


shared RAM. but rather on-chip ,lrbitration between 
the two DMA channels on the C152. 


The CI52 provides two DMA channels, either of which 
may be called into operation at any time in response to 
real time conditions in the application circuit. Howev- 
er, only one DMA channel can be: serviced during a 
single DMA cycle. 


In the event that both DMA channe·lsrequest service at 
the same time, DMA Channel 0 takes precedence. 


Figure 4.9 shows the three tasks to which the internal 
bus of the CI52 can be dedicated. In this figure, In- 
struction Cycle means the complete execution of a sin- 
gle instruction, whether it takes I, 2 or 4 machine cy- 
cles. DMA Cycle means the transfer of a single data 
byte from source to destination, whether it takes I or 2 
machine cycles. (It takes 2 machine cycles if the desti- 
nation and source are both external to the CI52.) On- 
chip arbitration logic determines which type of cycle is 
executed, according to the following rules. 


If the HLD/HLDA 
logic is disabled (ARB = 0, REQ 


= 0): 


* A write to any DMA llddress or control register is 


always followed by an Instruction Cycle. If the next 
instruction is a read or write to a DMA address or 
control register, the DMA cycle is held off one more 
instruction c,ycle. 


* A DMAO Cycle is called for if GOO = I and any of 


the following conditions are satisfied: 
I. Channel 0 Burst Mode is selected; 
2. Channel 0 is in SP Demand Mode and a SP De- 


mand flag is up (but see * *); 


hxternal 
Demand llag IS up; 
4. Channel 0 is in Alternate Cycles Mode and Chan- 
nel 1 isn't, and the previous cycle was not a DMA 
Cycle; 


5. Channel 0 and Channel 1 are both in Alternate 


Cycles Mode, and the previous cycle was not a 
DMA Cycle, and the previous DMA Cycle was 
not a DMAO cycle. 


o A DMAI 
Cycle is called for .f GOI 
= I and no 


condition for a DMAO Cycle is satisfied, and any of 
the following conditions are satisfied: 
I. Channel 1 Burst Mode is selected; 
2. Channel I is in SP Demand Mode and a SP De- 
mand flag is up (but see •• ); 


3. Channel I is in External Demand Mode and an 


External Demand flag is up; 
4. Channel I is in Alternate Cydes Mode and Chan- 
nel 0 isn't, and the previous cycle was not a DMA 
Cycle; 


5. Channel I and Channel 0 are both in Alternate 


Cycles Mode, and the previous cycle was not a 
DMA Cycle, and the previous DMA Cycle was 
not a DMAI cycle. 


°If a DMA Cycle is not called for, then an Instruc- 
tion Cycle is executed. 


•• A Special Case: Because of intt:rnal timing conflicts, 


a SP Demand Mode DMA Cycle in which the desti- 
nation address is TFIFO will not be generated un- 
less the previous cycle was an Instruction Cycle. 


Note that any time conditions are satisfied for a DMAO 
Cycle, the DMAO Cycle will be executed, even if the 
DMAI Channel is active. That is not to say a DMAI 
Cycle will be interrupted once it has begun. However, 
once a cycle has begun, be it an bstruction 
Cycle or a 


DMA Cycle, it will be completed without interruption. 


If the HLD/HLDA 
logic is not disabled (either ARB 


= 1 or REQ = 1), then the HolcllHold Acknowledge 
protocol will also be observed, as previously described, 
for DMAs to or from external RAM. 


4.5 Summary 
of DMA Control 
Bits 


DCONn 
I DAS I IDA 
I SAS I ISA I OM 
I TM 
I DONE I GO 
I 


DAS specifies the Destination Address Space. If DAS 
= 0, the destination is in External Data Memory. If 
DAS = I and IDA = 0, the de,;tination is a Special 
Function Register (SFR). If DAS = I and IDA = I, 
the destination is in Internal Data RAM. 


destination address is automatically mcremented after 
each byte transfer. If IDA = 0, it is not. 


SAS specifies the Source Address Space. If SAS = 0, 
the source is in External Data Memory. If SAS = 1 
and ISA = 0, the source is an SFR. If SAS = I and 
ISA = I, the source is Internal Data RAM. 


ISA (Increment 
Source Address) If ISA 
= 
I, the 
source address is automatically incremented after each 
byte transfer. If ISA = 0, it is not. 


DM (Demand Mode) If DM = I, the DMA Channel 
operates in Demand 
Mode. In Demand 
Mode the 


DMA is initiated either by an external signal or by a 
Serial Port flag, depending on the value of the TM bit. 
If DM = 0, the DMA is requested by setting the GO 
bit in software. 


TM (Transfer Mode) If DM = 
1 then TM selects 
whether a DMA is initiated by an external signal (TM 
= 1) or by a Serial Port flag (TM = 0). If DM = 0 
then TM selects whether the data transfers are to be in 
bursts (TM = I) or in alternate cycles (TM = 0). 


DONE indicates the completion of a DMA operation 
and flags an interrupt. It is set to I by on-chip hardware 
when BCRn = 0, and is cleared to 0 by on-chip hard- 
ware when the interrupt is vectored to. It can also be 
set or cleared by software. 


GO is the enable bit for the DMA Channel itself. The 
DMA Channel is inactive if GO = O. 


PCON I SMOD 
I ARB 
I REO I GAR EN I XRCLK I GFIEN 
I PDN IIDL 
I 


ARB enables the DMA logic to detect HLD and gener- 
ate HLDA. After it has activated HLDA, the CI52 will 
not begin a new DMA to or from External Data Mem- 
ory as long as HLD is seen to be active. This logic is 
disabled when ARB = 0, and enabled when ARB = I. 


REQ enables the DMA logic to generate HLD and de- 
tect HLDA before performing a DMA to or from Ex- 
ternal Data Memory. After it has activatetl HLD, the 
CI52 will not begin the DMA until HLDA is seen to be 
active. This logic is disabled when REQ = 0, and en- 
abled when REQ = I. 


ADRO,I,2,3 (95H, OA5H, OB5H, OC5H) - Address 
Match Registers 0,1,2,3 - The contents of these SFRs 
are compared against the address bits from the serial 
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data on the GSC. If the address ma.tches the SFR, then 
the CI52 accepts that frame. If in 8 bit addressing 
mode, a match with any of the four registers will trigger 
acceptance. In 16 bit addressing roode, a match with 
ADRI:ADRO 
or ADR3:ADR2 
will be accepted. Ad- 


dress length is determined by GMOD (AL). 


AMSKO,I (OD5H, OE5H) - Address Match Mask 0,1 - 
Identifies which bits in ADRO,I are "don't care" bits. 
Setting a bit to I in AMSKO,I identifies the corre- 
sponding bit in ADDRO,I as not to be examined when 
comparing addresses. 


BAUD - (94H) Contains the programmable value for 
the baud rate generator for the GSC. The baud rate will 
equal (fosc)/«BAUD+ 
I) X 8). 


BCRLO,I (OE2H, OF2H) - Byte Count Register Low 
0,1 - Contains the lower byte of the byte count. Used 
during DMA transfers to identify to the DMA chan- 
nels when the transfer is complete. 


BCRHO,I (OE3H, OF3H) - Byte Count Register High 
0,1 - Contains the upper byte of the byte count. 


BKOFF (OC4H) - BackoffTimer - The backofftimer is 
an eight bit count-down timer with a clock period equal 
to one slot time. The backoff time is used in the 
CSMA/CD 
collision resolution algorithm. 


BOF - Beginning of Frame flag - A term commonly 
used when dealing with packetizecl data. Signifies the 
beginning of a frame. 


CRC - Cyclic Redundancy Check· 
An error checking 


routine that mathematically manipu.lates a value depen- 
dent on the incoming data. The purpose is to identify 
when a frame has been received in error. 


CSMA/CD 
- Stands for Carrier Sense, Multiple Ac- 


cess, with Collision Detection. 


CT - CRC Type, see GMOD. 


DARLO/I 
(OC2H, OD2H) - Destination Address Reg- 


ister Low 0/1 - Contains the lower byte of the destina- 
tions' address when performing DMA transfers. 


DARHO/I 
(OC3H, OD3H) - Destination Address Reg- 


ister Low 0/1 - Contains the upper byte of the destina- 
tions' address when performing DMA transfers. 


The DCON registers control the operation of the DMA 
channels by determining the source of data to be trans- 
ferred, the destination of the data to be transfer, and the 
various modes of operation. 


DCON.O (GO) - Enables DMA Transfer - When set it 
enables a DMA channel. If block mode is set then 
DMA transfer starts as soon as possible under CPU 
control. If demand mode is set then DMA transfer 
starts when a demand is asserted and recognized. 


DCON.I 
(DONE) 
- DMA 
Transfer 
is Complete - 


When set the DMA transfer is complete. It is set when 
BCR equals 0 and is automatically 
reset when the 


DMA vectors to its interrupt routine. If DMA inter- 
rupt is disabled and the user software executes a jump 
on the DONE bit, then the user software must also 
reset the done bit. If DONE is not set, then the DMA 
transfer is not complete. 


DCON.2 (TM) - Transfer Mode - When set, DMA 
burst transfers are used if the DMA channel is config- 
ured in block mode or external interrupts are used to 
initiate a transfer if in Demand Mode. When TM is 
cleared, Alternate Cycle Transfers are used if DMA is 
in the Block Mode, or Local Serial channel/GSC inter- 
rupts are used to initiate a transfer if in Demand Mode. 


DCON.3 (DM) - DMA Channel Mode - When set, 
Demand Mode is used and when cleared, Block Mode 
is used. 


DCONA (ISA) - Increment Source Address - When 
set, the source address registers are automatically incre- 
mented during each transfer. When cleared, the source 
address registers are not incremented. 


DCON.5 (SAS) - Source Address Space - When set, the 
source of data for the DMA transfers is internal data 
memory if autoincrement is also set. If autoincrement is 
not set but SAS is, then the source for data will be one 
of the Special Function Registers. When SAS is cleared, 
the source for data is external data memory. 


DCON.6 
(IDA) 
- Increment 
Destination 
Address 


Space - When set, destination address registers are in- 
cremented once after each byte is transferred. When 
cleared, the destination address registers are not auto- 
matically incremented. 


DCON.7 
(CAS) 
- De!iltination 
Address 
Space 
- VVhen 
bet. de!iltinat.ion 
or data 
t.o be t.ransrt:;rred 
is internul 
dUI" 


memory 
ir p.ut.oincrement. 
mode 
is ulso set. 
Jr nuloincre· 


nlent 
is not 
set. the deHt.ination'W'iU be onc 
0' 
lhe Specutl 


Function 
Regist.erN. 'W'hcn DAS 
is .::Ieared t.hen ltllt: de ..• 


lin6tiun 
is ext 
rnnl 
dat.a 
mClTlory. 


D 
R 
Deterministic 
Resolution. 
nee MYSI.<Y'·. 


DEN 
- An 
alternate 
function 
or onc 
or thc 
port 
I pins 


(P'1.2). 
It.s purpOHO is to 
enuble 
enternal 
drivers 
,",hell 
tho asc 
is transmitting 
dat.a. 
Thl!'/. 
runctioll 
IS 
UI,",Hy<i 


active 
,",hcn 
using 
the asc 
and 
ir PI.2 
is pl'ogrun"lm 
c:I 
to 
u 
I 


OI"'H 
Oat.a 
Point.er 
IUgh. 
un 
SJ'""R that 
contains 
the.- 


high 
order 
byte 
or a aeneral 
purpuse 
point.cr· culled 
lh~ 


cJatu pointer 
(DPTR). 


l>P'L 
Dutu 
Pointer 
La",". an SFR 
that 
contains 
the 
10""" 
order 
byle 
or t.he dutu 
pointcr. 


EOI' 
A 
general 
term 
used 
in SiC:riulcomtl"luniculiollS, 


EOI:l Htund!il ror 
End 
or 
Frame 
and 
signlt-,cs 
"",hen fhe 
lust 
bits 
0("<.Int.aare 
t.ransmit.ted 
v,hen 
using 
puckell"ed 
duta. 


Ol\,llOD(84H) 


5 
4 
3 
2 


MO 
AL 
CT 
PL1 


Tho 
bits 
In this 
SFR. 
perf"orm 
most 
or the configuration 
on 
the 
type 
of"dat.a 
transf"ers 
t.o be used 
'W'ith lhe asc, 


Determines 
the 
mode. 
address 
lengt.h. 
preamble 
length. 


protocol 
select. 
and 
enables 
the external 
clocking 
of' the 


trunsmit 
duta. 


OMOO.O 
(I"'R) - Protocol 
- 1("80t. SOLC 
protocol~ 
vvith 
NRZI 
encoding. 
zero 
bit inserdan. 
and 
SOLe 
fl08H are 


used, 
Jr cleared. 
CSM.A/CD 
link 
access 
with 
M"ancheM~ 


ter 
encoding 
is used. 


GMOO.I.2 
(PLO.I) 
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length 
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PLO 
LENGTH 
(BITS) 
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0 
0 
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1 
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1 
0 
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I 
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tvvo bit 
Begin 
or 
f"rnlTle(BOP) 
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SMA/ 
0 
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tho SDl,C 
nag. 


In SOLC 
lTlode. the 
BOF 
is un SOLe 
flag. 
othervvh.e 
it 
is I.vvo consecutive 
ones. 
Zero 
length 
is not 
compalihle 


in CSl\IIA/CD 
mode. 


01\.1100.3 
(CT) 
- 
R 
Type 
- rrset. 
32-bit 
AUTODIN 


11-32 is used. 
1f"cleared. 
16-bit 
CRC-CCI,-y" 
i~ u~c:d 


OJ'lrd.OD.4 (AL) 
- Address 
nath 
- 
.f' "let. 
16-blt 
ad 


drossing 
is used. 
If" cleared. 
8-bit 
addre!'lMina iN uMed 
In 


8-bit 
modc. 
a match 
'W'ith any 
of" the 
4 uddrefl,1IilreStlUe 


vvill allovv 
t.hat. f"ralTlc to 
be 
accepted 
(A ORO. 
ADR 
I. 


AOR2. 
ADR3). 
"Don't 
are-' 
bils 
moy 
be lTlu8ked in 


AoR.O 
and 
ADRJ 
vvit:h A1\,;fSKO and 
AMSK 
I. In 
16~ 


bit 
lTlode. 
addresses 
are 
matched 
1.lgUII'HU 
··ADR 
I :ADR.O" 
or 
··ADR3:ADR2". 
Aguin. 
··oon·t 


Carc'· 
bits 
in 
ADR.l 
:AORO 
can 
be 
mOJ'f.ked 
,n 


AMSKI 
:AMSKO. 
A 
receiv 
d 
address 
or 
all 
ones 
,",ill 
ulvvuys be recogni7_ed 
In any 
mode. 


MI 
MO 
M:ode 
o 
0 
Normal 
o 
I 
Rnvv Transmit 
I 
0 
R.a'W'Receive 


I 
I 
Alternat.c 
Dackoff 


OM 
0.7 
(XT 
K) - Ext.ernal 
Transn"lit 
Clock 
•. IrHOI 


un 
external 
IX 
clock 
i8 used 
f"or t.he 
t.ran,••.nlt.t.er. 
If 
cleared 
'-he 
internal 
baud 
rate 
aenerator 
provides 
the 


transmit clock. The input clock is applied to Pl.3 
(TxC). The user software is responsible for setting or 
clearing this flag. External receive clock is enabled by 
setting PCON.3. 


GRxD - GSC ReceiveData input, an alternate function 
of one of the port I pins (p1.0). This pin is used as the 
receive input for the GSc. PI.O mus!:be programmed 
to a I for this function to operate. 


GSC - Global Serial Channel - A high-level,multi-pro- 
tocol, serial communication controller added to the 
8OC5lBH core to accomplish high-speed transfers of 
packetized serial data. 


GTxD - GSC Transmit Data output, ,m alternate func- 
tion of one of the port I pins (Pl.l). This pin is used as 
the transmit output for the GSc. P l.l must be pro- 
grammed to a I for this 'function to operate. 


HBAEN - Hardware Based Acknowledge Enable, see 
RSTAT, 


HLDA - Hold Acknowledge, an alternate function of 
one of the port I pins (PI.6), This pin is used to per- 
form the "HOLD ACKNOWLEDGE" 
function for 
DMA transfers. HLDA can be an input or an output, 
depending on the configuration of the DMA channels. 
Pl.6 must be programmed to a I fo this function to 
operate. 


HOLD - Hold, an alternate function ;)fone of the port 
I pins (PI.5). This pin is used to perform the "HOLD" 
function for DMA transfers. HOLD c:anbe an input or 
an output, depending on the configuration of the DMA 
channels. Pl.5 must be programmed to a I for this 
function to operate. 
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Interrupt Enable SFR, used to individually enable the 
Timer and Local Serial Channel interrupts. Also con- 
tains the global enable bit which must be set to a I to 
enable any interrupt to be automatically recognized by 
the CPU. 


IE.O (EXO) - Enables the external interrupt INTO on 
P3.2. 


IE.2 (EXI) - Enables the external interrupt INTI on 
P3.3. 


IE.7 (EA) - The global interrupt enable bit. This bit 
must be set to a I for any other interrupt to be enabled. 


Interrupt enable register for DMA and GSC interrupts. 
A I in any bit position enables that interrupt. 


IENI.O (EGSRV) - Enables the GSC valid receive in- 
terrupt. 


IENl.l 
(EGSRE) - Enables the GSC receive error in- 


terrupt. 


IENl.2 (EDMAO) - Enables the DMA done interrupt 
for Channel O. 


IEN1.3 (EGSTV) - Enables the GSC valid transmit in- 
terrupt. 


IENl.4 (EDMAl) - Enables the DMA done interrupt 
for Channel I. 


IEN1.5 (EGSTE) - Enables the GSC transmit error in- 
terrupt 


IFS - (OA4H)Interframe Space,determines the number 
of bit times separating transmitted frames. 


Allows the user software two levels of prioritization to 
be assigned to each of the interrupts in IE. A I assigns 
the corresponding interrupt in IE a higher interrupt 
than an interrupt with a corresponding O. 


IP.O(PXO)- Assigns the priority of external interrupt, 
INTO. 


IP.I (PTO)- Assigns the priority of Timer 0 interrupt, 
TO. 


inter 


IP.2 (PXI) - Assigns the priority of external interrupt, 
INTI. 


IP.3 (PTI) - Assigns the priority of Timer I interrupt, 
TI. 


IPA (PS) - Assigns the priority of the LSC interrupt, 
SBUF. 


IPNI - (OF8H) 
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I I I PGSTE I PDMA 1 I PGSTV I PDMAO I PGSRE I PGSRV I 


Allows the user software two le~els of prioritization to 
be assigned to each of the interrupts in IENI. A I as- 
signs the corresponding interrupt in IENI a higher in- 
terrupt than an interrupt with a corresponding O. 


IPNI.O (PGSRV) - Assigns the priority of GSC receive 
valid interrupt. 


IPNl.1 
(PGSRE) - Assigns the priority of GSC error 
receive interrupt. 


IPNI.2 (PDMAO) - Assigns the priority of DMA done 
interrupt for Channel O. 


IPNI.3 (pGSTV) - Assigns the priority of GSC trans- 
mit valid interrupt. 


IPNI.4 (PDMAI) - Assigns the priority of DMA done 
interrupt for Channel 1. 


IPN 1.5 (PGSTE) - Assigns the priority of GSC trans- 
mit error interrupt. 


LSC - Local Serial Channel - The asynchronous serial 
port found on all MCS-51 devices. Uses start/stop 
bits 
and can transfer only I byte at a time. 


MYSLOT - (OF5H) 


76543210 
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Determines which type of Jam is used, which backoff 
algorithm is used, and the DCR slot address for the 
GSC. 


MYSLOT.O,I,2,3,4,5 (SAO,1,2,3,4,5) - These bits deter- 
mine which slot address is assigned to the CI52 when 
using deterministic backoff during CSMA/CD 
opera- 


tions on the GSC. Maximum slots available is 63. An 
address of OOHprevents that station from participating 
in the backoff process. 


MYSLOT.6 (DCR) - Determines which collision reso- 
lution algorithm is used. If set to a I, then the determi- 
nistic backofT is used. If cleared, then a random slot 
assignment is used. 


MYSLOT.7 (DCJ) - Determines the type of Jam used 
during CSMA/CD 
operation when a collision occurs. 


If set to a I then a low D.C. level is used as the jam 
signal. If cleared, then CRC is used as the jam signal. 
The jam is applied for a length of time equal to the 
CRC length. 


NRZI - Non-Return 
to Zero inverted, a type of data 


encoding where a 0 is represented by a change in the 
level of the serial link. A I is represented by no change. 


PCON.O (IDL) - Idle bit, used to place the CI52 into 
the idle power saving mode. 


PCON.I 
(PD) - Power Down bit, used to place the 


CI52 into the power down power saving mode. 


PCON.2 (GFIEN) - GSC Flag Idle Enable bit, when 
set, enables idle flags (OlII lllO) to be generated be- 
tween transmitted frames in SDLC mode. 


PCON.3 (XRCLK) - External Receive Clock bit, used 
to enable an external clock to be used for only the re- 
ceiver portion of the GSC. 


PCONA (GAREN) 
- GSC Auxiliary Receive Enable 


bit, used to enable the GSC to receive back-to-back 
SDLC frames. This bit has no effect in CSMA/CD 
mode. 


inter 


PCON.5 (REQ) - Requester mode bit, set to a I when 
C 152 is to be operated as the reqUl:ster station during 
DMA transfers. 


PCON.6 (ARB) - Arbiter mode bit, set to a I when 
CI52 is to be operated as the arbiter during DMA 
transfers. 


PCON.7 (SMOD) - LSC mode bit, used to double the 
baud rate on the LSC. 


PDMAO - Priority bit for DMA Channel 0 interrupt, 
see IPNI. 


PDMAI 
- Priority bit for DMA Cnannel I interrupt, 
see IPNI. 


PGSRE - Priority bit for GSC Receive Error interrupt, 
see IPNI. 


PGSRV - Priority bit for GSC Recel.YeValid interrupt, 
see IPNI. 


PGSTE - Priority bit for GSC Transmit Error inter- 
rupt, see IPNI. 


PGSTV - Priority bit for GSC Transmit Valid inter- 
rupt, see IPNI. 


PLO - One of two bits that determines the Preamble 
Length, see GMOD. 


PLi 
- One of two bits that determines the Preamble 
Length, see GMOD. 


PRBS - (OE4H) Pseudo-Random Binary Sequence, gen- 
erates 
the 
pseudo-random 
numbe:r to 
be used 
in 
CSMA/CD backoff algorithms. 


PTO - Priority bit for Timer 0 interrupt, see IP. 


PTi - Priority bit for Timer I interrupt, see IP. 


RFNE 
- GSC Receive FIFO 
Not 
Empty 
bit, see 
RSTAT. 


RFIFO - (F4H) RFIFO is a 3-byte FIFO that contains 
the receive data from the GSC. 


RSTAT.O (HBAEN) - Hardware Based Acknowledge 
Enable - If set, enables the hardware based acknowl- 
edge feature. 


RSTAT.l 
(GREN) - Receiver Enable - When set, the 


receiver is enabled to accept incoming frames. This also 
clears RON, 
CRCE, AE, RCABT 
and the receive 


FIFO. It is cleared by the receiver at the end of a recep- 
tion or if any errors occurred. The status of GREN has 
no effect on whether the receiver detects a collision in 
CSMA/CD mode as the receiver input circuitry always 
monitors the receive pin. 


RSTAT.2 (RFNE) - Receive FIFO Not Empty - If set, 
indicates that the receive FIFO contains data. The re- 
ceive FIFO is a three byte buffer into which the receive 
data is loaded. A CPU read of the FIFO retrieves the 
oldest data and automatically updates the FIFO point- 
ers. Setting GREN to a one will clear the receive FIFO. 
The status of this flag is controlled by the GSC. This bit 
is cleared if user S/W empties receive FIFO. 


RSTAT.3 (RON) - Receive Done - If set, indicates the 
successful completion of a receiver operation. Will not 
be set if a CRC, alignment, abort, or FIFO overrun 
error occurred. 


RSTAT.4 (CRCE) - CRC Error - If set, indicates that a 
properly aligned frame was received with a mismatched 
CRC. 


RSTAT.5 (AE) - Alignment Error - If set, indicates 
that the line went idle when the receiver shift register 
was not full and the resulting CRC was bad in the 
CSMA/CD mode. If a correct CRC was valid then AE 
is not set. In SDLC mode, AE indicates that a non- 
byte-aligned flag was received. 


RSTAT.6 (RCABT) - Receiver Collision/Abort Detect 
- If set, indicates that a collision was detected after data 
had been loaded into the receive FIFO in CSMA/CD 
mode. In SDLC mode, RCABT indicates that 7 consec- 
utive ones were detected prior to the end flag but after 
data has been loaded into the receive FIFO. 


RSTAT.7 (OVR) - Overrun - If set, indicates that the 
receive FIFO was full and new shift register data was 
written into it. It is cleared by user SIW. 


inter 


SARHO (OA3H) - Source Address Register High 0, 
contains the high byte of the source address for DMA 
Channel O. 


SARHI 
(OB3H) - Source Address Register High I, 
contains the high byte of the source address for DMA 
ChannelL 


SARLO (OA2H) - Source Address Register Low 0, con- 
tains the low byte of the source address for DMA 
ChannelO. 


SARLI (OB2H) - Source Address Register Low I, con- 
tains the low byte of the sourc:e address for DMA 
ChannelL 


SBUF (099H) - Serial Buffer, both the receive and 
transmit SFR location for the LSC. 


SCON (098H) 
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SCON.2 (RB8) - Receive Bit 8, contains the ninth bit 
that was received in Modes 2 and 3 or the stop bit in 
Mode I if SM20. Not used in Mode O. 


SCON.3 (TB8) - Transmit Bit 8, the ninth bit to be 
transmitted in Modes 2 and 3. 
' 


SCON.4 (REN) - Receiver Enable, enables reception 
for the LSC. 


SCON.5 (SM2) - Enables the multiprocessor communi- 
cation feature in Modes 2 and 3 for the LSC. 


SCON.6 (SMI) - LSC mode specifier. 


SCON.? (SM2) - LSC mode spedfier. 


SDLC - Stands for Synchronous Data Link Communi- 
cation and is a protocol developed by IBM. 


SLOTTM - (OB4H) Determines the length of the slot 
time in CSMA/CD. 


SP (08IH) - Stack Pointer, an eight bit pointer register 
used during a PUSH, POP, CALL, RET, or RETI. 


TCDCNT - (OD4H) Contains the number of collisions 
in the current frame if using probabilistic CSMA/CD 
and contains the maximum number of slots in the de- 
terministic mode. 


TFIFO - (85H) TFIFO is a 3-byte FIFO that contains 
the transmission data for the GSC. 


THO (08CH) - Timer 0 High byte, contains the high 
byte for timer/counter 
O. 


THI (08DH) - Timer I High byte, contains the high 
byte for timer/counter 
1. 


TLO (08AH) - Timer 0 Low byte, contains the low byte 
for timer/counter 
O. 


TLI (08BH) - Timer I Low byte, contains the low byte 
for timer/counter 
1. 
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TMOD(089H) 
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TMOD.l 
(Ml) - Mode selector bit for Timer O. 


TMOD.2 (CIf) 
- Timer/Counter 
selector bit for 


Timer O. 


TMOD.5 (Ml) - Mode selector bit for Timer 1. 


TMOD.6 (CIf) 
- Timer/Counter 
selector bit for 


Timer 1. 


TSTAT (OD8)- Transmit Status Register 
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I LNII NOACK I UR I TCDT I TON 
TFNF I TEN I DMA I 


TSTAT.O (DMA) - DMA Select - If set, indicates that 
DMA channels are used to service the GSC FIFO's and 
GSC interrupts occur on TDN and RON, and also en- 
ables UR to become set. If cleared, indicates that the 
GSC is operating in it normal mode and interrupts oc- 
cur on TFNE and RFNE.For 
more information on 


DMA servicing please refer to the DMA section on 
DMA serial demand mode (4.2.2.3). 


TSTAT.l (TEN) - Transmit Enable - When set causes 
TDN, UR, TCDT, and NOACK flags to be reset and 
the TFIFO cleared. The transmitter will clear TEN af- 
ter a successful transmission, a collision during the 
data, CRC, or end flag. If cleared during a transmission 
the GSC transmit pin goes to a steady state high level. 
This is the method used to send an abort character in 
SDLe. Also DEN is forced to a h.ighlevel. The end of 
transmission is occurs whenever the TFIFO is emptied. 


TSTAT.2 (TFNF) - Transmit FIFO not full - When 
set, indicates that new data may be written into the 
transmit FIFO. The transmit FIFO is a three byte butT- 
er that loads the transmit shift register with data. 


TSTAT.3 (TDN) - Transmit Done - When set, indi- 
cates the successful completion of a frame transmission. 
If HBAEN is set, TDN will not be set until the end of 
the IFS following the transmitted message, so that the 
acknowledge can be checked. If an acknowledge is ex- 
pected and not received, TDN is not set. An acknowl- 
edge is not expected following a broadcast or multi-cast 
packet. 


TSTAT.4 (TCDT) - Transmit Collision Detect - If set, 
indicates that the transmitter halted due to a collision. 
It is set if a collision occurs during the data or CRC or 
if there are more than eight collisions. 


TSTAT.5 (UR) - Underrun - If set, indicates that in 
DMA mode the last bit was shifted out of the transmit 
register and that the DMA byte count did not equal 
zero. When an underrun occurs, the transmitter halts 
without sending the CRC or the end flag. 


TSTAT.6 (NOACK) - No Acknowledge - If set, indi- 
cates that no acknowledge was received for the previous 
frame. Will be set only if HBAEN is set and no ac- 
knowledge is received prior to the end of the IFS. 
NOACK is not set following a broadcast or a multi- 
cast packet. 


TSTAT.7 (LNI) - Line Idle - If set, indicates the re- 
ceive line is idle. In SDLC protocol it is set if 15consec- 
utive ones are received. In CSMA/CD 
protocol, line 


idle is set if no transitions occur on GR X D for 1.6 bit 
times after a required transition. LNI is cleared after a 
transition on GR X D. 


XRCLK - External GSC Receive Clock Enable bit, see 
PCON. 


XTCLK - External GSC Transmit Clock Enable bit, 
see GMOD. 
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The information presented in this chapter is collected from the previous MCS@-51 chapters of this book. The 
material has been selected and rearranged to form a quick and convenient reference for the programmers of the 
MCS-5l. This guide pertains specifically to the 8051, 8052 and 80C5l. 
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The 8051 has separate address spaces for Program Memory and Data Memory. The Program Memory can be up to 
64K bytes long. The lower 4K (8K for the 8052) may reside on-chip. 


IlOK 
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EXTERNAL 


14K 
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EXTERNAL 


1000 
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OFFF 
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4K BYTES 
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56K 
BYTES 
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84K 
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1FFF,-----~ 
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The 8051 can address up to 64K bytes of Data Memory to the chip. The "MOYX" instruction is used to access the 
external data memory. (Refer to the MCS-51 Instruction Set, in this chapter, for detailed description of instructions). 


The 8051 has 128bytes of on-chip RAM (256 bytes in the 8052) plus a number of Special Function Registers (SFRs). 
The lower 128bytes of RAM can be accessed either by direct addressing (MOY data addr) or by indirect addressing 
(MOY @Ri). Figure 3 shows the 8051 and the 8052 Data Memory organization. 


inter 


inter 


Note that in Figure 3b the SFRs and the indirect address RAM have the same addresses (80H-OFFH). 
Neverthe- 
less, they are two separate areas and are accessed in two different ways. 


RO,#80H 


@RO,#OBBH 


writes OBBH in location 80H of the data RAM. Thus, after execution of both of the above instructions Port 0 will 
contain OAAH and location 80 of th~ RAM will contain OBBH. 


The 128 bytes of RAM which can be accessed by both direct and indirect addressing can be divided into 3 segments 
as listed below and shown in Figure 4. 


1. Register Banks 0·3: Locations 0 through IFH (32 bytes). ASM-51 and the device after reset default to register 
bank O. To use the other register b.mks the user must select them in the software (refer to the MCS-51 Micro 
Assembler User's Guide). Each register bank contains 8 one-byte registers, 0 through 7. 


Reset initializes the Stack Pointer to Ilocation07H and it is incremented once to start from location 08H which is the 
first register (RO) of the second regiBterbank. Thus, in order to use more than one register bank, the SP should be 
intialized to a different location of the RAM where it is not used for data storage (ie, higher part of the RAM). 


2. Bit Addressable Area: 16 bytes have been assigned for this segment, 20H-2FH. Each one of the 128 bits of this 
segment can be directly addressed (0-7FH). 


The bits can be referred to in two ways both of which are acceptable by the ASM-51. One way is to refer to their 
addresses, ie. 0 to 7FH. The other way is with reference to bytes 20H to 2FH. Thus, bits 0- 7 can also be referred to 
as bits 20.0-20.7, and bits 8-FH are the same as 21.0-21.7 and so on. 


3. Scratch Pad Area: Bytes 30H through 7FH are available to the user as data RAM. However, if the stack pointer 
has been initialized to this area, enough number of bytes should be left aside to prevent SP data destruction. 


I~ 


7F 


T7 


6F 


67 
SCRATCH 


SF 
PAD 


57 
AREA 


4F 


47 


3F 


37 


... 
7F 
2F 
BIT 
ADDRESSAB 


0 ... 
27 
SEGMENT 


3 
1F 


2 
17 
REGISTER 


1 
OF 
BANKS 


0 
07 


inter 


Comparing Table I and Figure 5 shows that all of the SFRs that are byte and bit addressable are located on the first 
column of the diagram in Figure 5. 


Symbol 
Name 
Address 


'ACC 
Accumulator 
OEOH 


'B 
B Register 
OFOH 


'PSW 
Program Status Word 
ODOH 


SP 
Stack Pointer 
81H 


DPTR 
Data Pointer 2 Bytes 


DPL 
Low Byte 
82H 


DPH 
High Byte 
83H 


"PO 
Port 0 
80H 


"P1 
Port 1 
90H 


"P2 
Port 2 
OAOH 


"P3 
Port 3 
OBOH 


"IP 
Interrupt 
Priority Control 
OB8H 


"IE 
Interrupt 
Enable Control 
OA8H 


TMOD 
Timer/Counter 
Mode Control 
89H 


"TCON 
Timer/Counter 
Control 
88H 


"+ T2CON 
Timer/Counter 
2 Control 
OC8H 


THO 
Timer/Counter 
0 High Byte 
8CH 


TLO 
Timer/Counter 
0 Low Byte 
8AH 


TH1 
Timer/Counter 
1 High Byte 
8DH 


TL1 
Timer/Counter 
1 Low Byte 
8BH 


+TH2 
Timer/Counter 
2 High Byte 
OCDH 


+ TL2 
Timer/Counter 
2 Low Byte 
OCCH 


+ RCAP2H 
T/C 2 Capture Reg. High Byte 
OCBH 


+RCAP2L 
T/C 2 Capture Reg. Low Byte 
OCAH 


"SCON 
Serial Control 
98H 
SBUF 
Serial Data Buffer 
99H 


PCON 
Power Control 
87H 


• = Bit addressable 
+ = 8052 only 


inter 


Regil;ter 
Value In Binary 


'ACC 
00000000 


'B 
00000000 


'PSW 
00000000 
Sp 
00000111 
DPTFI 
DPH 
00000000 
DPL 
00000000 


'PO 
11111111 


'P1 
11111111 


'P2 
11111111 


'P3 
11111111 


'IP 
8051 XXXOOOOO, 
8052 XXOOOOOO 


'IE 
80510XXOOOOO, 
8052 OXOOOOOO 
TMOD 
00000000 


'TCON 
00000000 


'+T2CON 
00000000 
THO 
00000000 
TLO 
00000000 
TH1 
00000000 
TL1 
00000000 


+TH2 
00000000 
+TL2 
00000000 


+RCAP2H 
00000000 


+ RCAP2L 
00000000 


'SCON 
00000000 
SBUF 
Indeterminate 
PCON 
HMOS 
OXXXXXXX 
CHMOS 
OXXXOOOO 


x 
= Undefined 


• 
= Bit Addressabl'3 


+ 
= 8052 only 
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B 


ACC 


. 


PSW 


T2CON 
RCAP2L 
RCAP2H 
TL2 
TH2 


IP 


P3 


IE 


P2 


SCON 
SBUF 


P1 


TCON 
TMOD 
TLO 
TL1 
THO 
TH1 


PO 
SP 
DPL 
DPH 
PCON 
i 
Bit 
Addressable 
. 


inter 


Those SFRs that have their bits assigned for various functions are listed in this section. A brief description of each bit 
is provided for quick reference. Fcr more detailed information refer to the Architecture Chapter of this book. 


PSW: PROGRAM 
STATUS 
WORD. 
BIT ADDRESSABLE. 


CY 
AC 
FO 
[~RSO 
OV 
0 


CY 


AC 
FO 
RSI 
RSO 


OV 


Carry Flag. 
Auxiliary Carry Flag. 
Flag 0 available to the user for general purpose. 
Register Bank selector bit I (SEE NOTE I). 
Register Bank selector bit 0 (SEE NOTE I). 
Overflow Flag. 


Not implemented, reserved for future use.' 
Parity flag. Set/cleared by hardware each instruction cycle to indicate an odd/even number of 
'I' bits in the accumulator. 


PSW.7 
PSW.6 
PSW.5 
PSW.4 


PSW.3 
PSW.2 
PSW.I 
psw.o 


NOTE: 
1. The value presented by RSOand I"IS1selects the correspondingregister bank. 


RS1 
RSO 
Register 
Bank 
Address 


0 
0 
0 
OOH-07H 


0 
1 
1 
08H-OFH 


1 
0 
2 
10H-17H 


1 
1 
3 
18H-1FH 


'User software should not write 1s to reserved bits. These bits may be used in future MCS-51products to invoke new 
features. Inthat case, the reset or inactivevalue of the new bitwillbe 0, and its active value willbe 1. 


SMOD 
~~_[~ 
GF1 


Double baud rate bit. If Timer I is used to generate baud rate and SMOD = I, the baud rate is doubled 
when the Serial Port is uHedin modes I, 2, or 3. 


Not implemented, reserved for future use.' 
Not implemented, reserv<:<!for future use.' 
Not implemented, reserv<:<!for future use.' 
General purpose flag bit. 
General purpose flag bit. 


Power Down bit. Setting this bit activates Power Down operation in the 80C51BH. (Available only in 
CHMOS). 


Idle Mode bit. Setting thi, bit activates Idle Mode operation in the 80C5IBH. (Available only in CHMOS). 


GFI 
GFO 
PD 


If Is are written to PD and IDL at the same time, PD takes precedence. 


'User software should not write 1s to reserved bits. These bits may be used in future MCS-51products to invoke new 
features. Inthat case, the reset or iractive value of the new bitwillbe 0, and its active value willbe 1. 


intJ 


In order to use any of the interrupts in the MCS-51, the following three steps must be taken. 
1. Set the EA (enable all) bit in the IE register to 1. 
2. Set the corresponding individual interrupt enable bit in the IE register to I. 
3. Begin the interrupt service routine at the corresponding Vector Address of that interrupt. See Table below. 


Interrupt 
Vector 
Source 
Address 


IEO 
0003H 


TFO 
OOOBH 


IE1 
0013H 


TF1 
001BH 


RI&TI 
0023H 


TF2& EXF2 
002BH 


In addition, for external interrupts, pins INTO and INTI (P3.2 and P3.3) must be set to I, and depending on whether 
the interrupt is to be level or transition activated, bits ITO or ITI in the TCON register may need to be set to 1. 


EA 
~ 
ET2 D~ 
ET1 


ETI 


ES 
ETl 
EXI 
ETO 
EXO 


Disables all intelTupts. If EA = 0, no interrupt will be acknowledged. If EA = I, each interrupt 
source is individually enabled or disabled by setting or clearing its enable bit. 
Not implementej, reserved for future use.· 
Enable or disable the Timer 2 overflow or capture interrupt (8052 only). 
Enable or disable the serial port interrupt. 
Enable or disable the Timer I overflow interrupt. 
Enable or disable External Interrupt 1. 
Enable or disable the Timer 0 overflow interrupt. 
Enable or disable External Interrupt O. 


IE. 6 
IE.5 
lEA 
IE.3 
IE.2 


IE. I 


IE.O 


·User software should not write Is to reserved bits. These bits may be used in future MCS-51 products to invoke 
new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. 


IEO 
TFO 
IEI 
TFI 
RI or TI 
TF2 or EXF2 


If the bit is 0, the corresponding illterrupt has a lower priority and if the bit is I the corresponding interrupt has a 
higher priority. 


~ 
PT_2_L!~I 
PT1 


IP. 7 Not implemented, reserved for future use.' 
IP. 6 Not implemented, reserved for future use.' 
PT2 
IP. 5 Defines the Timer 2 interrupt priority level (8052 only). 
PS 
IP. 4 Defines the Serial Port interrupt priority level. 


PTI 
IP.3 
Defines the Timer I interrupt priority level. 


PXI 
IP.2 
DefinesExternal Interrupt I priority level. 


PTO 
IP. I Defines the Timer 0 interrupt priority level. 


PXO 
IP.O Defines the External Interrupt 0 priority level. 


'User software should not write Is to reserved bits. These bits may be used in future MCS-51 products to invoke 
new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. 


inter 


TCON: TIMER/COUNTER 
CONTROL 
REGISTER. 
BIT ADDRESSABLE. 


TF1 
TR1 
TFO O~I 
IE1 
IT1 
IEO 
ITO 


TFI 
TCON.7 Timer I overflowt1ag.Set by hardware when the Timer/Counter I overflows.Cleared by hard- 
ware as processor vectors to the interrupt service routine. 
TRI 
TCON.6 Timer I run control bit. Set/cleared by software to turn Timer/Counter ION/OFF. 


TFO 
TCON.5 Timer 0 overflow;'lag.Set by hardware when the Timer/Counter 0 overflows.Cleared by hard- 
ware as processor vectors to the service routine. 
TRO 
TCON.4 Timer 0 run control bit. Set/cleared by software to turn Timer/Counter 0 ON/OFF. 


lEI 
TCON.3 External Interrupt I edge flag. Set by hardware when External Interrupt edge is detected. 


Cleared by hardware when interrupt is processed. 
IT! 
TCON.2 
Interrupt I type control bit. Set/cleared by software to specify falling edge/low level triggered 
External Interrupt. 


IEO 
TCON. I External Interrupt 0 edge flag. Set by hardware when External Interrupt edge detected. Cleared 
by hardware whe~linterrupt is processed. 


ITO 
TCON.O Interrupt 0 type control bit. Set/cleared by software to specify falling edge/low level triggered 
External Interrupt. 


TMOD: TIMER/COUNTER 
liIIODE CONTROL 
REGISTER. 
NOT BIT 


ADDRESSABLE. 


I 
GATE 
\ 
M1 
~~\ 
GATE 
MO 
I 
) 


TIMER I 
TIMER 0 


GATE 
When TRx (in TCON) is set and GATE = I, TIMER/COUNTERx will run only while INTx pin is high 
(hardware control). When GATE = 0, TIMER/COUNTERx will run only while TRx = I (software 
control). 


cif 
Timer or Counter selector. Cleared for Timer operation (input from internal system clock). Set for Coun- 
ter operation (input from Tx input pin). 


MI 
Mode selector bit. (NOTE 1) 
MO 
Mode selector bit. (NOTE 1) 


NOTE 
1: 


Operating 
Mod e 


o 
13-bit Timer (MCS-48 compatible) 


1 
16-bit Timer/Counter 
2 
8-bit Auto-Reload 
Timer/Counter 


3 
(Timer 0) TLO is an 8-bit Timer/Counter 
controlled 
by the standard Timer 0 
control bits, THO is an 8-bit Timer and is controlled by Timer 1 control bits. 


3 
(Timer 1) Timer/Counter 
1 stopped. 


It is assumed that only one timer is being used at a time. If it is desired to run Timers 0 and I simultaneously, in any 
mode, the value in TMOD for Timer 0 must be ORed with the value shown for Timer I (Tables 5 and 6). 


For example, ifit is desired to run Timer 0 in mode I GATE (external control), and Timer I in mode 2 COUNTER, 
then the value that must be loaded into TMOD is 69H (09H from Table 3 ORed with 60H from Table 6). 


Moreover, it is assumed that the user, at this point, is not ready to turn the timers on and will do that at a different 
point in the program by setting bit TRx (in TCON) to I. 


TMOD 


MODE 
TIMER 0 
INTERNAL 
EXTERNAL 


FUNCTION 
CONTROL 
CONTROL 


(NOTE 1) 
(NOTE 2) 


0 
13-bit Timer 
OOH 
08H 


1 
16-bit Timer 
01H 
09H 


2 
8-bit Auto-Reload 
02H 
OAH 


3 
two 8-bit Timers 
03H 
OSH 


TMOD 


MODE 
COUNTER 
0 
INTERNAL 
EXTERNAL 


FUNCTION 
CONTROL 
CONTROL 


(NOTE 1) 
(NOTE 2) 


0 
13-bit Timer 
04H 
OCH 


1 
16-bit Timer 
05H 
OOH 


2 
8-bit Auto-Fieload 
06H 
OEH 


3 
one 8-bit Counter 
07H 
OFH 


NOTES: 
1. The Timer 
is turned 
ON/OFF 
b\' setting/clearing 
bit TRO in the software. 


2. The 
Timer 
is turned 
ON/OFF 
by the 
1 to 0 transition 
on 
INTO (P3.2) 
when 
TRO = 
(hardware 
control). 
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TMOD 


MODE 
TIMER 
1 
INTERNAL 
EXTERNAL 


FUNCTION 
CONTROL 
CONTROL 


(NOTE 1) 
(NOTE 2) 


0 
13-bit Timer 
OOH 
80H 


1 
16-bit Timer 
10H 
90H 


2 
a-bit Auto-Reload 
20H 
AOH 


3 
does not run 
30H 
SOH 


TMOD 


MODE 
COUNTER 
1 
INTERNAL 
EXTERNAL 


FUNCTION 
CONTROL 
CONTROL 


(NOTE 1) 
(NOTE 2) 


0 
13-bit Timer 
40H 
COH 


1 
16-bit Timer 
50H 
DOH 


2 
8-bit Auto-Reload 
60H 
EOH 


3 
not available 
- 
- 


NOTES: 
1. The Timer is turned ON/OFF 
by setting/clearing 
bit TR1 in the software. 
2. The Timer 
is turned 
ON/OFF 
by the 
1 to 0 transition 
on INT1 (P3.3) when TR1 


(hardware 
control). 
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8052 Only 
~I 
EXF2 I RCLK [2~ 
EXEN2 ~I 
C/T2 I CP/RL2 I 


TF2 
T2CON. 7 Timer 2. overflow flag set by hardware and cleared by software. TF2 cannot be set when 
either RClLK = 1 or CLK = 1 


TR2 
C/T2 


T2CON.6 
Timer 2 e,:ternal flag set when either a capture or reload is caused by a negative transition on 
T2EX, and EXEN2 = I. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU 
to vector to the Timer 2 interrupt routine. EXF2 must be cleared by software. 


T2CON. 5 Receive clock flag. When set, causes the Serial Port to use Timer 2 overflow pulses for its 


receive clock in modes I & 3. RCLK = 0 causes Timer 1 overflow to be used for the receive 
clock. 


T2CON. 4 Transmit dock flag. When set, causes the Serial Port to use Timer 2 overflow pulses for its 
transmit clock in modes 1 & 3. TCLK 
= 0 causes Timer 1 overflows to be used for the 
transmit clock. 
T2CON. 3 Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of 
negative transition 
on T2EX if Timer 2 is not being used to clock the Serial Port. 
EXEN2 =, 0 causes Timer 2 to ignore events at T2EX. 


T2CON.2 
Software START/STOP 
control for Timer 2. A logic 1 starts the Timer. 
T2CON. 1 Timer br Counter select. 


o = Intemal Timer. I = External Event Counter (falling edge triggered). 
T2CON.O 
Capture/Reload 
flag. When set, captures will occur on negative transitions at T2EX if 


EXEN2 
=~ 1. When cleared, Auto-Reloads will occur either with Timer 2 overflows or 
negative transitions at T2EX when EXEN2 = 1. When either RCLK = 1 or TCLK = I, 
this bit is i.gnored and the Timer is forced to Auto-Reload on Timer 2 overflow. 


Except for the baud rate generator mode, the values given for T2CON do not include the setting of the TR2 bit. 
Therefore, bit TR2 must be set, separately, to turn the Timer on. 


T2CON 


MODE 
INTERNAL 
EXTERNAL 


CONTROL 
CONTROL 


(NOTE 
1) 
(NOTE 2) 


16-bit Auto-Reload 
OOH 
08H 


16-bit Capture 
01H 
09H 


BAUD rate generator 
receive & 


transmit 
same baud rate 
34H 
36H 


receive only 
24H 
26H 


transmit 
only 
14H 
16H 


TMOD 


MODE 
INTERNAL 
EXTERNAL 
CONTROL 
CONTROL 
(NOTE 
1) 
(NOTE 2) 


16-bit Auto-Reload 
02H 
OAH 


16-bit Capture 
03H 
OBH 


NOTES: 
1. Capture/Reload 
occurs 
only on Timel·/Counter 
overflow. 


2. Capture/Reload 
occurs 
on Timer/Counter 
overflow 
and 
a 1 to 
0 transition 
on T2EX 


(P1.1) pin except 
when Timer 
2 is used in the baud rate generating 
mode. 
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SCON: SERIAL 
PORT CONTROL 
REGISTER. 
BIT ADDRESSABLE. 


8MO 
SM1 
8M2 
REN 
TB8 
RB8 
~ 


SMO 
SCON. 7 Serial Port mode specifier. (NOTE I). 
SMI 
SCON. 6 Serial Port mode specifier. (NOTE I). 


SM2 
SCON.S 
Enables the multiprocessor communication feature in modes 2 & 3. In mode 2 or 3, ifSM2 is set 
to I then RI \\ill not be activated if the received 9th data bit (RB8) is O.In mode I, ifSM2 = I 
then RI will not be activated if a valid stop bit was not received. In mode 0, SM2 should be O. 
(See Table 9). 


REN 
SCON.4 
Set/Cleared by software to Enable/Disable reception. 
TB8 
SCON.3 
The 9th bit that will be transmitted in modes 2 & 3. Set/Cleared by software. 
RB8 
SCON. 2 In modes 2 & 3,is the 9th data bit that was received. In mode I, if SM2 = 0, RB8 is the stop bit 
that was received. In mode 0, RB8 is not used. 
TI 
SCON. I Transmit interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or at the 
beginning of the stop bit in the other modes. Must be cleared by software. 
RI 
SCON.O Receive interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or halfway 
through the stop bit time in the other modes (except see SM2). Must be cleared by software. 


SMO 


o 
o 
1 


SM1 
Mode 
Description 
Baud Rate 


0 
0 
SHIFT REGISTER 
Fosc./12 


1 
1 
8-Bit UART 
Variable 
0 
2 
9-Bit UART 
Fosc./64 
OR 
Fosc./32 


3 
9-Bit UART 
Variable 


MODE 
~;CON 
SM2 VARIATION 


0 
10H 
Single Processor 
1 
50H 
2 
90H 
Environment 


3 
DOH 
(SM2 = 0) 


0 
NA 
Multiprocessor 
1 
70H 


2 
BOH 
Environment 


3 
FOH 
(8M2 = 1) 


Mode 0 has a fixed baud rate which is 1112 of the oscillator frequency. To run the serial port in this mode none of 
the Timer/Counters 
need to be set up. Only the SCON register needs to be defined. 


Osc Freq 
Baud Rate = --- 
12 
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d R 
K x Oscillator Freq. 
Bau 
ate = 32 x 12 x [256 - 
(TH1)] 


If SMOD = 0, then K = l. 
If SMOD = I, then K = 2. (SMOD is the PCON register). 


Most of the time the user knows the baud rate and needs to know the reload value for THl. 
Therefore, the equation to calculate THI can be written as: 


TH1 = 256 _ 
K x Osc Freq. 


384 x baud rate 


THI must be an integer value. Rounding off THI to the nearest integer may not produce the desired baud rate. In 
this case, the user may have to choose another crystal frequency. 


Since the PCON register is not bit addressable, one way to set the bit is logical ORing the PCON register. (ie, ORL 
PCON, '* 80H). The address of PCON is 87H. 


For this purpose, Timer 2 must be used in the baud rate generating mode. Refer to Timer 2 Setup Table in this 
chapter. If Timer 2 is being clocked through pin T2 (Pl.O) the baud rate is: 


B 
d 
Timer 2 Overflow Rate 
au 
Rate = 
16 


B 
Osc Freq 
aLd Rate = 32 x [65536 - (RCAP2H. RCAP2L)] 


RCAP2H. RCAP2L = 65536 _ 
Osc Freq 
32 x Baud Rate 


The baud rate is fixed in this mode and is '/32 or 1/•• of the oscillator frequency depending on the value of the SMOD 
bit in the PCON register. 
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Oscillator 
Byte 
Period 
Interrupt 
Response 
Time: 
Refer 
to Hardware 
De- 


scription 
Chapter. 


Instructions 
that Affect Flag Settings(1) 


Instruction 
Flag 
Instruction 
Flag 


C 
av 
AC 
C 
av 
AC 


ADD 
X 
X 
X 
CLR C 
a 


ADDC 
X 
X 
X 
CPL C 
X 


suss 
X 
X 
X 
ANL C,bit 
X 


MUL 
a 
X 
ANLC,Ibit 
X 


DIV 
a 
X 
aRL C,bit 
X 


DA 
X 
aRL C,bit 
X 


RRC 
X 
Mav C,bit 
X 


RLC 
X 
CJNE 
X 


SETSC 
1 


(I)Note 
that operations 
on SFR byte address 
208 or 


bit addresses 
209-215 
(i.e., the PSW 
or bits in the 


PSW) 
will also affect flag settings. 


Note on instruction 
set and addressing 
modes: 


Rn 
- 
Register 
R7-RO 
of the 
currently 
se- 


lected 
Register 
Bank. 


direct 
- 
8-bit 
internal 
data 
location's 
address. 


This could 
be an Internal 
Data 
RAM 


location 
(0-127) 
or a SFR 
[i.e., I/O 


port, 
control 
register, 
status 
register, 


etc. (128-255)]. 


@Ri 
- 
8-bit internal 
data 
RAM 
location 
(0- 


255) addressed 
indirectly 
through 
reg- 


ister R I or RO. 
# data 
- 
8-bit constant 
included 
in instruction. 


#data 
16 - 
16-bit constant 
included 
in instruction. 


addr 
16 
- 
16-bit 
destination 
address. 
Used 
by 


LCALL 
& UMP. 
A branch 
can 
be 


anywhere 
within 
the 
64K-byte 
Pro- 


gram 
Memory 
address 
space. 


addr 
11 
- 
II-bit 
destination 
address. 
Used 
by 


ACALL 
& AJMP. 
The branch 
will be 


within 
the same 2K-byte 
page of pro- 
gram 
memory 
as 1he first byte of the 


following 
instruction. 


rei 
- 
Signed (two's 
complement) 
8-bit offset 


byte. Used by SJMP and all condition- 
al jumps. 
Range 
is 
-128 
to + 127 


bytes 
relative 
to first byte 
of the 
fol- 


lowing 
instruction. 


bit 
- 
Direct 
Addressed 
bit in Internal 
Data 


RAM 
or Special 
Function 
Register. 


- 
New 
operation 
not 
provided 
by 


8048AH/8049AH. 


ARITHMETIC 
OPERATIONS 
ADD 
A,Rn 
Add register to 
Accumulator 
ADD 
Adirect 
Add direct byte to 
Accumulator 
Add indirect RAM 
to Accumulator 
ADD 
A,#data 
Add immediate 
data to 
Accumulator 
Add register to 
Accumulator 
with Carry 
ADDC 
A,direct 
Add direct byte to 
Accumulator 
with Carry 
Add indirect 
RAM to 
Accumulator 
with Carry 
ADDC 
A,#data 
Add immediate 
data to Ace 
with Carry 
Subtract Register 
from Ace with 
borrow 
SUSS 
A,direct 
Subtract direct 
byte from Ace 
with borrow 
Subtract indirect 
RAMfromACC 
with borrow 
SUSS 
A,#data 
Subtract 
immediate data 
from Ace with 
borrow 
Increment 
Accumulator 
Increment register 
Increment direct 
byte 
Increment direct 
RAM 
Decrement 
Accumulator 
Decrement 
Register 
Decrement direct 
byte 
Decrement 
indirect RAM 


All mnemonics 
copyrighted 
@Intel Corporation 
1980 


Rn 
direct 
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Table 
10.8051 
Instruction 
Set Summary 
(Continued) 


Byte 
Oscillator 
Mnemonic 
Description 
Byte 
Oscillator 
Mnemonic 
Description 
Period 
Period 


ARITHMETIC 
OPERATIONS 
(Continueo) 
LOGICAL 
OPERATIONS 
(Continued) 


INC 
DPTR 
Increment 
Data 
24 
RL 
A 
Rotate 
12 


Pointer 
Accumulator 
Left 


MUL 
AB 
Multiply A & B 
48 
RLC 
A 
Rotate 
12 


DIV 
AB 
DivideAby 
B 
48 
Accumulator 
Left 


DA 
A 
Decimal 
Adjust 
12 
through 
the Carry 


Accumulator 
RR 
A 
Rotate 
12 


LOGICAL 
OPERATIONS 
Accumulator 


ANL 
A,Rn 
AND Register 
to 
12 
Right 


Accumulator 
RRC 
A 
Rotate 
12 


ANL 
A,direct 
AND directby1e 
2 
12 
Accumulator 


to Accumulator 
Right through 


ANL 
A,@Ri 
AND indirect 
12 
the Carry 


RAM to 
SWAP 
A 
Swap nibbles 
12 


Accumulator 
within the 


ANL 
A,#data 
AND immediate 
2 
12 
Accumulator 


data to 
DATA TRANSFER 


Accumulator 
MOV 
A,Rn 
Move 
12 


ANL 
direct,A 
AND Accumulator 
2 
12 
register 
to 


to direct by1e 
Accumulator 


ANL 
direct, # data 
AND immediate 
3 
24 
MOV 
A,direct 
Move direct 
2 
12 


data to direct by1e 
by1e to 


ORL 
A,Rn 
OR register 
to 
12 
Accumulator 


Accumulator 
MOV 
A,@Ri 
Move indirect 
12 


ORL 
A,direct 
OR direct by1e to 
2 
12 
RAM to 


Accumulator 
Accumulator 


ORL 
A,@Ri 
OR indirect 
RAM 
12 
MOV 
A,#data 
Move 
2 
12 


to Accumulator 
immediate 


ORL 
A,#data 
OR immediate 
2 
12 
data to 


data to 
Accumulator 


Accumulator 
MOV 
Rn,A 
Move 
12 


ORL 
direct,A 
OR Accumulator 
2 
12 
Accumulator 


to direct by1e 
to register 


ORL 
direct, # data 
OR immediate 
3 
24 
MOV 
Rn,direct 
Move direct 
2 
24 
data to direct by1e 
by1e to 


XRL 
A,Rn 
Exclusive-OR 
12 
register 


register to 
MOV 
Rn,#data 
Move 
2 
12 


Accumulator 
immediate 
data 


XRL 
A,direct 
Exclusive-OR 
2 
12 
to register 


direct by1e to 
MOV 
direct,A 
Move 
2 
12 


Accumulator 
Accumulator 


XRL 
A,@Ri 
Exclusive-OR 
12 
to direct by1e 


indirect 
RAM to 
MOV 
direct,Rn 
Move register 
2 
24 
Accumulator 
to direct by1e 


XRL 
A, # data 
Exclusive-OR 
2 
12 
MOV 
direct,direct 
Move direct 
3 
24 
immediate 
data to 
by1e to direct 


Accumulator 
MOV 
direct,@Ri 
Move indirect 
2 
24 
XRL 
direct,A 
Exclusive-OR 
2 
12 
RAM to 


Accumulator 
to 
direct by1e 


direct by1e 
MOV 
direct, # data 
Move 
3 
24 
XRL 
direct, # data 
Exclusive-OR 
3 
24 
immediate 
data 


immediate 
data 
to direct by1e 


to direct by1e 
MOV 
@Ri,A 
Move 
12 
CLR 
A 
Clear 
12 
Accumulator 
to 


Accumulator 
indirect 
RAM 


CPL 
A 
Complement 
12 
All mnemonics 
copyrighted 
@Intel 
Corporation 
1980 
Accumulator 
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Table 
10. 8051 Instruction 
Set Summary 
(Continued) 


Mnemonic 
Description 
Byte 
Oscillator 
Mnemonic 
Description 
Byte 
Oscillator 


Period 
Period 


DATA TRANSFER 
(Continued) 
BOOLEAN 
VARIABLE 
MANIPULATION 


MOV 
@Ri,direct 
Move dimct 
2 
24 
CLR 
C 
Clear Carry 
1 
12 


byte to 
CLR 
bit 
Clear direct bit 
2 
12 


indirect 
RAM 
SETB 
C 
Set Carry 
1 
12 


MOV 
@Ri,#data 
Move 
2 
12 
SETB 
bit 
Set direct bit 
2 
12 


immediate 
CPL 
C 
Complement 
1 
12 


data to 
Carry 


indirect 
RAM 
CPL 
bit 
Complement 
2 
12 


MOV 
DPTR,#data16 
Load Data 
3 
24 
direct bit 


Pointer w th a 
ANL 
C,bit 
AND direct bit 
2 
24 


16-bit constant 
to CARRY 


MOVC 
A,@A+DPTR 
MoveCocle 
24 
ANL 
C,Ibit 
AND complement 
2 
24 


byte relative 
to 
of direct bit 


DPTR toi\cc 
to Carry 


MOVC 
A,@A+PC 
MoveCocie 
24 
ORL 
C,bit 
OR direct bit 
2 
24 


byte relative 
to 
to Carry 


PC to Ace 
ORL 
C,Ibit 
OR complement 
2 
24 


MOVX 
A,@Ri 
Move 
24 
of direct bit 


External 
to Carry 


RAM (8-bit 
MOV 
C,bit 
Move direct bit 
2 
12 


addr) to A,;c 
to Carry 
MOVX 
A,@DPTR 
Move 
24 
MOV 
bit,C 
Move Carry to 
2 
24 


Ex1ernal 
direct bit 


RAM (16-hit 
JC 
rei 
Jump if Carry 
2 
24 


addr) toAec 
is set 


MOVX 
@Ri,A 
Move Ace to 
24 
JNC 
rei 
Jump if Carry 
2 
24 


Ex1ernal RAM 
not set 


(8·bit addrl 
JB 
bit,rel 
Jump if direct 
3 
24 


MOVX 
@DPTR,A 
Move Ace to 
24 
Bit is set 


Ex1ernal RAM 
JNB 
bit, rei 
Jump if direct 
3 
24 


(16-bit addr) 
Bit is Not set 


PUSH 
direct 
Push direct 
2 
24 
JBC 
bit,rel 
Jump if direct 
3 
24 


byte onto 
Bit is set& 


stack 
clear bit 


POP 
direct 
Pop direct 
2 
24 
PROGRAM 
BRANCHING 
byte from 
ACALL 
addr11 
Absolute 
2 
24 


stack 
Subroutine 


XCH 
A,Rn 
Exchange 
12 
Call 


register with 
LCALL 
addr16 
Long 
3 
24 
Accumulator 
Subroutine 


XCH 
A,direct 
Exchange 
2 
12 
Call 
direct byte 
RET 
Return from 
24 


with 
Subroutine 
Accumulator 
RETI 
Return from 
24 


XCH 
A,@Ri 
Exchange 
12 
interrupt 


indirect 
RAM 
AJMP 
addr11 
Absolute 
2 
24 


with 
Jump 


Accumulator 
LJMP 
addr16 
Long Jump 
3 
24 
XCHD 
A,@Ri 
Exchange 
low- 
12 
SJMP 
rei 
Short Jump 
2 
24 
order Digit 
(relative 
addr) 


indirect 
RAM 
All mnemonics 
copyrighted 
© Intel Corporation 
1980 


with Ace 


inter 


Table '10.8051 
Instruction 
Set Summary 
(Continued) 


Oscillator 
Period 
I---------------------j 


PROGRAM 
BRANCHING 
(Continued) 
JMP 
@A+DPTR 
Jump indirect 
24 


relative to the 
DPTR 
Jl 
rei 
Jump if 
2 
24 


Accumulator 
islero 
JNl 
rei 
Jump if 
2 
24 


Accumulator 
is Not Zero 
CJNE 
A,direct,rel 
Compare 
3 
24 


direct byte to 
Acc and Jump 
if Not Equal 
CJNE 
A,'" data,rei 
Compare 
3 
24 


immediate to 
Acc and Jump 
if Not Equal 


Oscillator 
Byte 
Period 


PROGRAM 
BRANCHING 
(Continued) , 


CJNE 
Rn,"'data,rel 
Compare 
3 
24 
immediate to 
register and 
Jump if Not 
Equal 
CJNE 
@Ri,"'data,rel 
Compare 
3 
24 


immediate to 
indirect and 
Jump il Not 
Equal 
DJNZ 
Rn,rel 
Decrement 
2 
24 


register and 
Jump ilNot 
lero 
DJNZ 
direct,rel 
Decrement 
3 
24 
direct byte 
and Jump il 
Not Zero 
NOP 
No Operation 
1 
12 


All mnemonics copyrighted @Intel Corporation 1980 


Function: 


Description: 
ACALL 
uneonditionally 
calls a subroutine 
located 
at the indicated 
address. 
The instruction 
increments 
the PC twice to obtain 
the address 
of the following 
instruction, 
then 
pushes 
the 
16-bit result onto the stack (low-order 
byte first) and increments 
the Stack Pointer 
twice. The 
destination 
address 
is obtained 
by successively 
concatenating 
the five high-order 
bits of the 
incremented 
PC, opcode bits 7-5, and the second byte of the instruction. 
The subroutine 
called 


must therefore 
start within 
the same 2K block of the program 
memory 
as the first byte of the 
instruction 
following 
ACALL. 
No flags are affected. 


Initially 
SP equals 
07H. The label "SUBRTN" 
is at program 
memory 
location 
0345 H. After 
executing 
th e instruction, 


at location 
0123H, 
SP will contain 
09H, 
internal 
RAM 
locations 
OSH and 09H will contain 
25H and 01li, 
respectively, 
and the PC will contain 
0345H. 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I a10 
a9 
a!~ 
0 0 0 
1 I 
I a7 
a6 
as 
a4 I a3 
a2 
a1 
aO I 


ACALL 
(PC) +- (PC) + 2 
(SP) +- (SP) + 1 
«SP» 
+- (PC7-0) 


(SP) +- (SP) + 1 
«SP» 
+- (PCIS-S) 


(PCIO-O) +- page address 


inter 


Description: 
ADD 
adds the byte variable 
indicated 
to the Accumulator, 
leaving the result in the Accumula- 
tor. The carry a'1d auxiliary-carry 
flags are set, respectively, 
if there is a carry-out 
from bit 7 or 
bit 
3, and 
cleared 
otherwise, 
When 
adding 
unsigned 
integers, 
the 
carry 
flag 
indicates 
an 
overflow 
occured, 


OV is set ifther~ 
is a carry-out 
of bit 6 but not out of bit 7, or a carry-out 
of bit 7 but not bit 6; 
otherwise 
OV is cleared, 
When 
adding 
signed 
integers, 
OV indicates 
a negative 
number 
pro- 
duced 
as the sum of two positive 
operands, 
or a positive 
sum from two negative 
operands, 


Four source opt:rand 
addressing 
modes are allowed: 
register, 
direct, 
register-indirect, 
or imme- 
diate, 


The 
Accumulalor 
holds 
OC3H (I 1סס oo1IB) and 
register 
0 holds 
OAAH 
(1010 10lOB). The 
instruction, 


will leave 6DH (OIlOIlOIB) 
in the Accumulator 
with the AC flag cleared 
and both the carry 
flag and OV set to I. 


ADD 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
I 0 0 10~~ 


Operation: 
ADD 
(A) +- (A) + (Rn) 


ADD 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
100101~)101 
I 
I direct address 
I 


Operation: 
ADD 
(A) +- (A) + (direct) 


ADD 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
IOO1(~011 


Operation: 
ADD 
(A) +- (A) + «Rj» 


ADD 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
JOO1CJ01001 


Operation: 
ADD 
(A) +- (A) + #data 


ADDC 
A, < src-byte > 


I immediate 
data I 


Function: 


Description: 


Add 
with Carry 


ADDC 
simultaneously 
adds the byte variable 
indicated, 
the carry 
flag and the Accumulator 
contents, 
leaving 
the result 
in the Accumulator. 
The carry 
and auxiliary-carry 
flags are set, 
respectively, 
if there 
is a carry-out 
from bit 7 or bit 3, and cleared 
otherwise. 
When 
adding 
unsigned 
integers, 
the carry 
flag indicates 
an overflow 
occured. 


OV is set if there is a carry-out 
of bit 6 but not out of bit 7, or a carry-out 
of bit 7 but not out of 
bit 6; otherwise 
OV is cleared. 
When 
adding 
signed integers, 
OV indicates 
a negative 
number 
produced 
as the sum of two positive 
operands 
or a positive 
sum from two negative 
operands. 


Four source operand 
addressing 
modes are allowed: 
register, 
direct, 
register-indirect, 
or imme- 
diate. 


The Accumulator 
holds OC3H (I 1ססoo1 IB) and register 
0 holds OAAH (lOlOlOlOB) 
with the 
carry 
flag set. The instruction, 


will leave 6EH (01 1011 lOB) in the Accumulator 
with AC cleared 
and both the Carry 
flag and 
OV set to 1. 


inter 


AD DC 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
10011 
I~~ 


Operation: 
ADDC 
(A) - 
(A) + {C) + (Rn) 


AD DC 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
I 0 0 1 1 I~1 0 1 I 
direct address 
I 


Operation: 
ADDC 
(A) - 
(A) + {C) + (direct) 


ADDC 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
10011 
I~~ 


Operation: 
ADDC 
(A) - 
(A) + {C) + «Ri» 


AD DC 
A, # data 


Bytes: 
2 


Cycles: 


Encoding: 
10011 
~ 
100 
I 
immediate 
data I 


Operation: 
ADDC 
(A) - 
(A) + (C) + #data 


inter 


Bytes: 
2 


Cycles: 
2 


I a10 
a9 ;~ 
0 0 0 1 


Function: 


Description: 


Absolute 
Jilmp 


AJMP 
transfers 
program 
execution 
to the indicated 
address, 
which 
is formed 
at run-time 
by 
concatenating 
the high-order 
five bits of the PC (after incrementing 
the PC twice), opcode 
bits 
7-5, and the second byte of the instruction. 
The destination 
must therefore 
be within 
the same 
2K block of program 
memory 
as the first byte of the instruction 
following 
AJMP. 


The label ''JMPADR'' 
is at program 
memory 
location 
0123H. 
The instruction, 


I a7 as a5 a4 I as a2 a1 aO I 


AJMP 
(PC) - 
(PC) + 2 


(PClO-O) ..-- page address 


Function: 


Description: 


Logical-AND 
for byte variables 


ANL 
performs 
the bitwise 
logical-AND 
operation 
between 
the variables 
indicated 
and stores 


the results 
in the destination 
variable. 
No flags are affected. 


The two operands 
allow six addressing 
mode combinations. 
When the destination 
is the Accu- 


mulator, 
the source 
can use register, 
direct, 
register-indirect, 
or immediate 
addressing; 
when 
the destination 
is a direct 
address, 
the source 
can be the Accumulator 
or immediate 
data. 


Note: When 
this instruction 
is used to modify 
an output 
port, 
the value used as the original 
port data will be read from the output 
data 
latch, 
not the input 
pins. 


If the Accumulator 
holds OC3H (I 1סס oo1 IB) and register 
0 holds 55H (OIOIOIOIB) 
then the 
instruction, 


When 
the dlestination 
is a directly 
addressed 
byte, this instruction 
will clear combinations 
of 
bits in any RAM 
location 
or hardware 
register. 
The mask byte determining 
the pattern 
of bits 
to be cleared 
would 
either 
be a constant 
contained 
in the instruction 
or a value computed 
in 
the Accumulator 
at run-time. 
The instruction, 


ANL 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
101 
o 1 [~ 


Operation: 
ANL 
(A) +- 
(A) A (Rn) 


ANL 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 
10101 
[0101 


1 
I direct address 
I 


Operation: 
ANL 


(A) +- 
(A) A (direct) 


ANL 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
101 
o 1 [0 
1 1 


Operation: 
ANL 


(A)+- 
(A) A «Ri» 


ANL 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
101 
o 1 [0100 
I immediate 
data I 


Operation: 
ANL 
(A) +- 
(A) A 
#data 


ANL 
direct, A 


Bytes: 
2 


Cycles: 


Encoding: 
10101 
[0010 
1 
I 
direct address 
1 


Operation: 
ANL 
(direct) +- 
(direct) 
A (A) 


inter 


ANL 
direct, # data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 1 0 1 I 0 0 1 1 I 


Operation: 
ANL 
(direct) +- (direct) 
II #data 


I immediate 
data I 
direct address 
I 


Function: 
Logical-AND 
for bit variables 


Description: 
If the Boolean 
value of the source bit is a logical 0 then clear the carry flag; otherwise 
leave the 


carry 
flag in its current 
state. 
A slash ("I") 
preceding 
the operand 
in the assembly 
language 
indicates 
that the logical complement 
of the addressed 
bit is used as the source 
value, but the 


source bit itself is not affected. 
No other 
flags are affected. 


Only direct 
addressing 
is allowed 
for the source 
operand. 


Example: 
Set the carry 
flag if, and only if, P1.0 = I, ACC. 
7 = I, and OV = 0: 


ANL 
C,bit 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 000 
[ 001 
o I 


Operation: 
ANL 
(C) +- (C) 
1\ (bit) 


ANL 
C,/bit 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 0 1 1 [0000 
I 


Operation: 
ANL 
(C) +- (C) II -, (bit) 


I bit address 
I 


I bit address 
I 


inter 


Function: 


Description: 


CJNE 
A,direct,rel 


Bytes: 
3 


Cycles: 
2 


Compare 
and Jump 
if Not Equal. 


CJNE 
compares 
the magnitudes 
of the first two operands, 
and branches 
if their values are not 
equal. 
The bran:h 
destination 
is computed 
by adding 
the signed 
relative-displacement 
in the 


last instruction 
byte to the PC, after incrementing 
the PC to the start 
of the next instruction. 
The carry 
flag is set if the unsigned 
integer 
value of <dest-byte> 
is less than 
the unsigned 
integer 
value of < src-byte >; otherwise, 
the carry 
is cleared. 
Neither 
operand 
is affected. 


The first two operands 
allow 
four addressing 
mode 
combinations: 
the Accumulator 
may be 
compared 
with any directly 
addressed 
byte or immediate 
data, and any indirect 
RAM 
location 
or working 
register 
can be compared 
with an immediate 
constant. 


The 
Accumulator 
contains 
34H. 
Register 
7 contains 
56H. 
The 
first 
instruction 
in the 
se- 
quence, 


R7 = 60H. 
IFR7 
< 60H. 


R7> 
60H. 


sets the carry flag and branches 
to the instruction 
at label NOT_EQ. 
By testing the carry flag, 
this instruction 
determines 
whether 
R 7 is greater 
or less than 
60H. 


clears the carry 
flag and continues 
with the next instruction 
in sequence, 
since the Accumula- 
tor does equal the data read from PI. (If some other value was being input on PI, the program 
will loop at this point until 
the PI data changes 
to 34H.) 


11011~~ 
I direct address 
I 
I reI. address 
I 


(PC) +- (PC) + 3 
IF (A) < > (direct) 
THEN 


IF (A) < (direct) 
THEN 
(C)-l 


(C)-0 


CJNE 
A,# data,rel 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 0 1 1 ] 
0 1 0 0 


Operation: 
(PC) +- (PC) + 3 
IF (A) < > data 
THEN 


I immediate 
data I 


IF (A) < data 
THEN 
(C) +- 1 


(C) +- 0 


CJNE 
Rn, # data, rei 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 0 1 1 J 
1 r r r 


Operation: 
(PC) +- (PC) + 3 
IF (Rn) <:> data 
THEN 


I 
immediate 
data 
I 


IF (Rn) < data 
THEN 
(C) +- 1 


(C) +- 0 


CJNE 
@Ri,#data,rel 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 0 1 1 ] 
0 1 1 


Operation: 
(PC) +- (PC) + 3 
IF «Ri» 
< > data 
THEN 


I 
immediate 
data 
I 


IF «Ri» 
< data 
THEN 
(C) +- 1 


(C) +- 0 


I reI. address 
I 


I reI. address 
I 


I 
reI. address 
I 


Function: 


Description: 


Example: 


The Accumulator 
is cleared 
(all bits set on zero). 
No flags are affected. 


The Accumulator 
contains 
5CH (0101 1lOOB). The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 1 1 1 1 ~ 
1 0 0 I 


Operation: 
CLR 
(A) +-0 


The indicated 
b.,t is cleared 
(reset to zero). No other flags are affected. 
CLR can operate 
on the 
carry 
flag or any directly 
addressable 
bit. 


Port 
1 has previously 
been written 
with 5DH 
(0101 1IOIB). The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 1 1 0 0 ~ 
0 1 1 I 


Operation: 
CLR 
(C) +-0 


Bytes: 
2 


Cycles: 


Encoding: 
I 1 1 0 0 ~ 
0 1 0 I 
I bit address 
I 


CLR 
(bit) +- 0 


inter 


Function: 
Complement Accumulator 


Description: 
Each bit of the Accumulator is logically complemented (one's complement). Bits which previ- 
ously contained a one are changed to a zero and vice-versa. No flags are affected. 


Example: 
The AccuDulator contains 5CH (OlOlllOOB). The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 1 1 1 1] 
0 1 0 0 I 


Operation: 
CPL 
(A) --, 
(A) 


Function: 
Complement bit 


Description: 
The bit variable specified is complemented. A bit which had been a one is changed to zero and 
vice-versa. No other flags are affected. CLR can operate on the carry or any directly address- 
able bit. 


Note: Wher this instruction is used to modify an output pin, the value used as the original data 
will be read from the output data latch, not the input pin. 


Port 1 has previously been written with 5BH (OlOlllOIB). The instruction sequence, 


Bytes: 


Cycles: 


Encoding: 
I 1 0 1 1 ] 0 0 1 1 I 


Operation: 
CPL 
(C) --, 
(C) 


inter 


CPL 
bit 


Bytes: 
2 


Cycles: 


Encoding: 
I 1 011 
[001 
o 
I 
I bit address 
I 


Operation: 
CPL 
(bit) +- -, (bit) 


Function: 


Description: 


Decimal-adjust Accumulator for Addition 


DA A adjusts the eight-bit value in the Accumulator resulting from the earlier addition of two 
variables (each in packed-BCD format), producing two four-bit digits. Any ADD or ADDC 
instruction may have been used to perform the addition. 


If Accumulator bits 3-0 are greater than nine (xxxx10lO-xxxx1111), or if the AC flag is one, 
six is added to the Accumulator producing the proper BCD digit in the low-order nibble. This 
internal addition would set the carry flag if a carry-out of the low-order four-bit field propagat- 
ed through all high-order bits, but it would not clear the carry flag otherwise. 


If the carry flag is now set, or if the four high-order bits now exceed nine (IOlOxxxx-l1 lxxxx), 
these high-order bits are incremented by six, producing the proper BCD digit in the high-order 
nibble. Again, this would set the carry flag if there was a carry-out of the high-order bits, but 
wouldn't clear the carry. The carry flag thus indicates if the sum of the original two BCD 
variables is greater than 100, allowing multiple precision decimal addition. OV is not affected. 


All of this occurs during the one instruction cycle. Essentially, this instruction performs the 
decimal conversion by adding OOH,06H, 6OH, or 66H to the Accumulator, depending on 
initial Accumulator and PSW conditions. 


Note: DA A cannot simply convert a hexadecimal number in the Accumulator to BCD nota- 
tion, nor does DA A apply to decimal subtraction. 


inter 
MCS®·51 PROGRAMMER'S 
GUIDE AND INSTRUCTION 
SET 


Example: 
The Accumulator 
holds the value 56H (010101 lOB) representing 
the packed 
BCD digits of the 


decimal 
num.ber 
56. Register 
3 contains 
the value 67H (OIIOOIIIB) 
representing 
the packed 


BCD digits of the decimal 
number 
67. The carry 
flag is set. The instruction 
sequence. 


ADDC 
A,R3 
DA 
A 


will first perform 
a standard 
twos-complement 
binary 
addition, 
resulting 
in the value OBEH 
(10111110) 
in the Accumulator. 
The carry 
and auxiliary 
carry 
flags will be cleared. 


The 
Decimal 
Adjust 
instruction 
will 
then 
alter 
the 
Accumulator 
to 
the 
value 
24H 
(00 100 IOOB),.indicating 
the packed 
BCD digits of the decimal 
number 
24, the low-order 
two 
digits of the decimal 
sum of 56,67, 
and the carry-in. 
The carry flag will be set by the Decimal 
Adjust 
instruction, 
indicating 
that a decimal 
overflow 
occurred. 
The true sum 56, 67, and 
1 is 


124. 


BCD variables 
can be incremented 
or decremented 
by adding 
OIH or 99H. If the Accumulator 
initially 
hold:; 30H (representing 
the digits of 30 decimal), 
then the instruction 
sequence, 


will leave th~: carry 
set and 29H in the Accumulator, 
since 30 + 99 


byte of the sum can be interpreted 
to mean 
30 - 
1 = 29. 


Bytes: 


Cycles: 


Encoding: 
I 1 1 0 
1 I: 0 
1 0 0 I 


Operation: 
DA 
-contents 
of Accumulator 
are BCD 


IF 
[[(A3_) 
> 91 V [(AC) 
= 1)) 
THEN(A3_0) 
...- 
(A3-0) + 6 
AND 


IF 
[[(A7-4) > 91 V [(C) = I)) 
THEN 
(A7-4) ...- 
(A7-4) + 6 


inter . 


Function: 
Decrement 


Description: 
The variable indicated is decremented by I. An original value of OOHwill underflow to OFFH. 
No flags are affected. Four operand addressing modes are allowed: accumulator, 
register, 
direct, or regi!,ter-indirect. 


Note: When this instruction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins. 


Register 0 contains 7FH (011III lIB). Internal RAM locations 7EH and 7FH contain OOH 
and 40H, respectively. The instruction sequence, 


will leave regbter 0 set to 7EH and internal RAM locations 7EH and 7FH set to OFFH and 
3FH. 


DEC 
A 


Bytes: 


Cycles: 


Encoding: 
I 000 
1 [0100 
I 


Operation: 
DEC 
(A) +- (A) - 


DEC 
Rn 


Bytes: 


Cycles: 


Encoding: 
10001 
[~ 


Operation: 
DEC 
(Rn) +- (Rn) - 
I 


DEC 
direct 


Bytes: 
2 


Cycles: 


Encoding: 
I 000 
1 
[ 0 1 0 
1 I 
I direct address I 


Operation: 
DEC 
(direct) +- (direct) 
- 


DEC 
@Ri 


Bytes: 


Cycles: 


Encoding: 
I 000 
1 
[ 0 1 1 i 


Operation: 
DEC 
«Ri» 
+- «Ri» 
- 


Function: 


Description: 
DIV AB divides 
the unsigned 
eight-bit 
integer 
in the Accumulator 
by the unsigned 
eight-bit 
integer 
in re,gister B. The Accumulator 
receives 
the integer 
part 
of the quotient; 
register 
B 
receives 
the integer 
remainder. 
The carry 
and OV flags will be cleared. 


Exception: 
if B had originally 
contained 
OOH, the values returned 
in the Accumulator 
and B- 
register 
will be .undefined 
and the overflow 
flag will be set. The carry 
flag is cleared 
in any 
case. 


Example: 
The Accumulator 
contains 
251 (OFBH or 11111011B) 
and B contains 
18 (12H or 000100 lOB). 
The instruction, 


will leave 13 in the Accumulator 
(ODH or OOOOllOIB) and the value 
17 (llH 
or 0001000IB) 
in B, since 2:51 = (13 X 18) + 17. Carry 
and OV will both be cleared. 


Bytes: 


Cycles: 
4 


Encoding: 
I 1 0 0 0 
[ 0 
1 0 0 I 


Operation: 
DIV 


(Ah5-8 +- (A)/(B) 
(Bh-o 


inter 


DJNZ 
Rn,rel 


Bytes: 
2 


Cycles: 
2 


Decrement 
and Jump if Not Zero 


DJNZ 
decrements 
the location 
indicated 
by I, and branches 
to the address 
indicated 
by the 
second operanc. if the resulting 
value is not zero. An original value of OOH will underflow 
to 
OFFH. No flags are affected. The branch destination 
would be computed 
by adding the signed 
relative-displac,~ment 
value in the last instruction 
byte to the PC, after incrementing 
the PC to 
the first byte or the following instruction. 


Note: When this instruction 
is used to modify an output 
port, the value used as the original 
port data will be read from the output 
data latch, not the input pins. 


Internal 
RAM locations 
40H, 50H, and 60H contain 
the values OIH, 70H, and 15H, respec- 


tively. The instruction 
sequence, 


DJNZ 
40H,LABEL_I 


DJNZ 
50H,LABEL_2 


DJNZ 
60H,LABEL_3 


will cause a jump to the instruction 
at label LABEL_2 
with the values DOH, 6FH, and l5H in 
the three RAM locations. 
The first jump was not taken because' the result was zero. 


This instruction 
provides a simple way of executing 
a program 
loop a given number 
of times, 
or for adding a moderate 
time delay (from 2 to 512 machine cycles) with a single instruction. 


The instruction 
sequence, 


MOV 
CPL 
DJNZ 


R2,#8 
Pl.7 
R2,TOGGLE 


will toggle P Li' eight times, causing four output 
pulses to appear 
at bit 7 of output 
Port 
L 
Each pulse will last three machine 
cycles; two for DJNZ 
and one to alter the pin. 


11101G~ 
I reI. address 
I 


DJNZ 
(PC) ~ 
(PC) + 2 


(Rn) ~ 
(Rn) 
-- I 


IF 
(Rn) > 0 or (Rn) < 0 
THEN 


DJNZ 
direct,rel 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 1 0 1 :I 0 1 0 1 
I direct address 
I 
I reI. address I 


DJNZ 
(PC) +- (PC) + 2 
(direct) +- (direct) - 
I 


IF (direct) > 0 or (direct) < 0 
THEN 
(PC) +- (PC) + rei 


Function: 


Description: 
INC increments the indicated variable by I. An original value of OFFH will overflow to OOH. 
No flags ar,~affected. Three addressing modes are allowed: register, direct, or register-indirect. 


Note: When this instruction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins. 


Register 0 c;ontains 7EH (01111111OB).Internal RAM locations 7EH and 7FH contain OFFH 
and 4OH, respectively. The instruction sequence, 


INC 
@RO 
INC 
RO 


INC 
@RO 


will leave register 0 set to 7FH and internal RAM locations 7EH and 7FH holding (respective- 
ly) OOHand 41H. 


Bytes: 


Cycles: 


Encoding: 
I 0 0 0 0] 
0 1 0 0 I 


Operation: 
INC 
(A) +- (A) + 


inter 


INC 
Rn 


Bytes: 


Cycles: 


Encoding: 
10000[1rrrl 


Operation: 
INC 
(Rn) +- (Rn) + 


INC 
direct 


Bytes: 
2 


Cycles: 


Encoding: 
10000[0101 
I 
I directaddress I 


Operation: 
INC 
(direct) +- (direct) + I 


INC 
@Ri 


Bytes: 


Cycles: 


Encoding: 
10000[01 


Operation: 
INC 
«Ri» 
+- «Ri» 
+ 


Function: 
Increment 
Data 
Pointer 


Description: 
Increment 
the 
16-bit data 
pointer 
by 1. A 16-bit increment 
(modulo 
216) is performed; 
an 
overflow 
of the low-order 
byte of the data 
pointer 
(DPL) 
from OFFH 
to OOH will increment 
the high-order 
byte (DPH). 
No flags are affected. 


This is the only 
16-bit register 
which 
can be incremented. 


Example: 
Registers 
DPf[ 
and DPL 
contain 
12H and OFEH, 
respectively. 
The instruction 
sequence, 


INC 
DPTR 
INC 
DPTR 
INC 
DPTR 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 0 1 0 ~) 
0 1 1 I 


Operation: 
INC 
(DPTR) 
+- (DPTR) 
+ I 


Function: 
Jump if Bit set 


Description: 
If the indicated bit is a one, jump to the address indicated; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative-displacement in 
the third instruction byte to the PC, after incrementing the PC to the first byte of the next 
instruction. 
The bit tested is not modified. 
No flags are affected. 


Example: 
The data present at input port I is I10010lOB. The Accumulator holds 56 (010101lOB). The 
instruction sequence, 


will cause program execution to branch to the instruction at label LABEL2. 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 0 1 0 
0 0 0 0 I 
I bit address 
I 
I reI. address I 


JB 
(PC) +- (PC) + 3 
IF 
(bit) = I 
THEN 


Function: 
Jump if Bit is set and Clear bit 


Description: 
If the indica.ted bit is one, branch to the address indicated; otherwise proceed with the next 
instruction. The bit will not be cleared if it is already a zero. The branch destination is comput- 
ed by adding the signed relative-displacement in the third instruction byte to the PC, after 
incrementing the PC to the first byte of the next instruction. No flags are affected. 


Note: When this instruction is used to test an output pin, the value used as the original data 
will be read from the output data latch, not the input pin. 


The Accumulator holds 56H (010101lOB). The instruction sequence, 


JBC 
ACC.3,LABELI 


JBC 
ACC.2,LABEL2 


will cause program execution to continue at the instruction identified by the label LABEL2, 
with the Accumulator modified to 52H (OIOIOOIOB). 


inter 
MCS®-51 PROGRAMMER'S 
GUIDE AND INSTRUCTION 
SET 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 0 0 1 [0 0 0 0 I 
I bit address 
I 
I reI. address I 


JBC 
(PC) +- (PC) + 3 
IF 
(bit) = I 
THEN 
(bit) +- 0 
(PC) +- (PC) + reI 


Function: 
Jump 
if Carry 
is set 


Description: 
If the 
carry 
flag is set, branch 
to the 
address 
indicated; 
otherwise 
proceed 
with 
the 
next 


instruction. 
The branch 
destination 
is computed 
by adding 
the signed relative-displacement 
in 


the second 
instruction 
byte to the PC, after incrementing 
the PC twice. No flags are affected. 


Example: 
The carry 
flag is cleared. 
The instruction 
sequence, 


JC 
LABELl 


CPL 
C 
JC 
LABEL 
2 


will set the carry and cause program 
execution 
to continue 
at the instruction 
identified 
by the 


label LABEL2. 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 0 1 0 0 [0 0 0 0 I 
I reI. address 
I 


JC 
(PC) +- (PC) + 2 
IF 
(C) = I 
THEN 


Function: 


Description: 


Bytes: 


Cycles: 


Jump indirect 


Add the eight-bit unsigned contents of the Accumulator with the sixteen-bit data pointer, and 
load the remlting sum to the program counter. This will be the address for subsequent instruc- 
tion fetche1'. Sixteen-bit addition is performed (modulo 216): a carry-out from the low-order 
eight bits propagates through the higher-order bits. Neither the Accumulator nor the Data 
Pointer is ~hered. No flags are affected. 


An even number from 0 to 6 is in the Accumulator. The following sequence of instructions will 
branch to one of four AJMP instructions in a jump table starting at JMP _ TBL: 


MOY 
JMP 
AJMP 
AJMP 
AJMP 
AJMP 


DPTR, #IMP _TBL 
@A+DPTR 
LABELO 
LABELl 
LABEL2 
LABEL3 


If the Accumulator equals 04H when starting this sequence, execution will jump to label 
LABEL2. Remember that AJMP is a two-byte instruction, so the jump instructions start at 
every other address. 


JMP 
(PC) +- (A) + (DPTR) 


inter 


Function: 
Jump 
if Bit Not set 


Description: 
If the indicated 
bit is a zero, branch 
to the indicated 
address; 
otherwise 
proceed 
with the next 
instruction. 
The branch 
destination 
is computed 
by adding 
the signed relative-displacement 
in 
the third 
instrut:tion 
byte to the PC, after 
incrementing 
the PC to the first byte of the next 
instruction. 
The bit tested is not modified. No flags are affected. 


Example: 
The data present 
at input port 1 is I 100 10lOB. The Accumulator 
holds 56H (010101 lOB). The 


instruction 
sequence, 


JNB 
PI.3,LABELI 


JNB 
ACC.3,LABEL2 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 0 1 1 ~~ 
I bit address 
I 
I reI. address 
I 


JNB 
(PC) +- (PC) 
-- 3 
IF 
(bit) = 0 
THEN 
(PC) +- (PC) + reI. 


Function: 
Jump 
if Carry 
not set 


Description: 
If the carry 
flag is a zero, branch 
to the address 
indicated; 
otherwise 
proceed 
with 
the next 
instruction. 
The branch 
destination 
is computed 
by adding 
the signed relative-displacement 
in 
the second 
instruction 
byte to the PC, after 
incrementing 
the PC twice to point 
to the next 
instruction. 
The carry 
flag is not modified. 


Example: 
The carry 
flag i!; set. The instruction 
sequence, 


JNC 
LABELl 


CPL 
C 
JNC 
LABEL2 


will clear the carry 
and cause program 
execution 
to continue 
at the instruction 
identified 
by 
the label LABEU. 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 0 1 0 1 ~~ 
I reI. address I 


JNC 
(PC) +- (PC) + 2 
IF 
(C) = 0 
THEN 
(PC) +- (PC) + reI 


Function: 


Description: 


Bytes: 
2 


Cycles: 
2 


Jump if Accumulator 
Not Zero 


If any bit of the Accumulator 
is a one, branch to the indicated address; otherwise 
proceed with 


the next instruction. 
The branch 
destination 
is computed 
by adding 
the signed relative-dis- 
placement 
in the second 
instruction 
byte to the PC, after incrementing 
the PC twice. The 
Accumulator 
is not modified. 
No flags are affected. 


The Accumulator 
originally 
holds DOH. The instruction 
sequence, 


JNZ 
LABELl 


INC 
A 


JNZ 
LABEL2 


I011~Ooool 
I reI. address 
I 


JNZ 
(PC) +- ~"PC) + 2 
IF 
(A) *" 0 
THEN 
(PC) +- (PC) + reI 


Function: 


Description: 


Jump if Accumulator 
Zero 


If all bits of the Accumulator 
are zero, branch to the address indicated; 
otherwise 
proceed with 
the next instruction. 
The branch 
destination 
is computed 
by adding 
the signed relative-dis- 
placemem 
in the second 
instruction 
byte to the PC, after incrementing 
the PC twice. The 
Accumulator 
is not modified. 
No flags are affected. 


The Accumulator 
originally 
contains 
OIH. The instruction 
sequence, 


JZ 
LABELl 


DECA 
JZ 
LABEL2 


will change the Accumulator 
to DOH and cause program 
execution 
to continue 
at the instruc- 
tion identified by the label LABEL2. 


Bytes: 
2 


Cycles: 
2 


I0111Uooooi 
I reI. address 
I 


JZ 
(PC) +- (PC) + 2 
IF 
(A) = 0 
THEN 
(PC) +- (PC) + reI 


Function: 


Description: 


Bytes: 
3 


Cycles: 
2 


Long call 


LCALL 
calls a subroutine 
located 
at the indicated 
address. 
The instruction 
adds three 
to the 


program 
counter 
to generate 
the address 
of the next instruction 
and then 
pushes 
the 
16-bit 


result 
onto the stack (low byte first), incrementing 
the Stack Pointer 
by two. The high-order 


and low-order 
bytes of the PC are then loaded, 
rc:spectively, 
with the second and third bytes of 
the LCALL 
instruction. 
Program 
execution 
continues 
with the instruction 
at this address. 
The 
subroutine 
may therefore 
begin anywhere 
in the full 64K-byte 
program 
memory 
address 
space. 


No flags are affected. 


Initially 
the Stack Pointer 
equals 07H. The label "SUBRTN" 
is assigned 
to program 
memory 


location 
123411. After 
executing 
the instruction, 


at location 
012.3H, the Stack Pointer 
will contain 
09H, internal 
RAM 
locations 
08H and 09H 
will contain 
26H and OIH, and the PC will contain 
1234H. 


10001[00101 
I addr15-addr8 
I 
I addr7 -addrO I 


LCALL 
(PC) ~ 
(PC) + 3 


(SP) ~ 
(SP) + I 


«SP» 
~ 
(PCT-o) 


(SP) ~ 
(SP) + I 


«SP» 
~ 
(PC 15-8) 


(PC) ~ 
addq5_o 


Function: 


Description: 


Long Jump 


UMP 
causes an unconditional 
branch 
to the indicated 
address, 
by loading 
the high-order 
and 


low-order 
byte; 
of the 
PC (respectively) 
with 
the 
second 
and 
third 
instruction 
bytes. 
The 


destination 
may therefore 
be anywhere 
in the full 64K program 
memory 
address 
space. 
No 
flags are affectl,d. 


The label "JMPADR" 
is assigned 
to the instruction 
at program 
memory 
location 
1234H. The 


instruction, 


at location 
012:lH 
will load the program 
counter 
with 
1234H. 


Bytes: 
3 


Cycles: 
2 


I addr15-addr8 
I 
I addr7-addrO I 


UMP 
(PC) ~ 
addq ~-o 


Function: 


Description: 


Move byte variable 


The byte variable indicated by the second operand is copied into the location specified by the 
first operand. The source byte is not affected. No other register or flag is affected. 


This is by far the most flexible operation. Fifteen combinations of source and destination 
addressing modes are allowed. 


Internal RAM location 30H holds 4OH. The value of RAM location 40H is lOR. The data 
present at input port 1 is llOOIOIOB(OCAR). 


Mav 
RO,i'30H 


MaV 
A,@RO 


Mav 
RI,A 


Mav 
B,@RI 


MaV 
@RI,PI 


MaV 
P2,I'1 


;RO <= 
30H 


;A < = 40H 
;Rl < = 40H 
;B < = IOH 
;RAM (40H) < = OCAH 
;P2 #OCAH 


leaves the value 30H in register 0, 40H in both the Accumulator and register I, IOH in register 
B, and OCAH (1100IOIOB) both in RAM location 40H and output on port 2. 


MOV 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
11 
1 1 01 1 r r r I 


Operation: 
MaV 
(A)'- 
(Rn) 


°MOV 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
11110]0101 
I 


Operation: 
MaV 
(A) .- 
(direct) 


I direct address 
I 


MOV 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
I 1 110[01 


Operation: 
MOV 
(A) +- «Ri» 


MOV 
A, # data 


Bytes: 
2 


Cycles: 


Encoding: 
I 0 1 1 1 [01001 
I immediate 
data I 


Operation: 
MOV 
(A) +- #data 


MOV 
Rn,A 


Bytes: 


Cycles: 


Encoding: 
I 1 1 1 1 [~ 


Operation: 
MOV 
(Rn) +- (A) 


MOV 
Rn,direct 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 010[~ 
I direct addr. I 


Operation: 
MOV 
(Rn) +- (direct) 


MOV 
Rn, # data 


Bytes: 
2 


Cycles: 


Encoding: 
101 
1 1 [~ 
I immediate 
data I 


Operation: 
MOV 
(Rn) +- #dat~t 


inter 
MCS@-51 PFIOGRAMMER'S 
GUIDE AND INSTRUCTION 
SET 


MOV 
direct, A 


Bytes: 
2 


Cycles: 


Encoding: 
I 1 1 1 1 
[ 0 1 0 1 I 
I direct address 
I 


Operation: 
MOV 
(direct) 
~ 
(A) 


MOV 
direct,Rn 


Bytes: 
2 


Cycles: 
2 


Encoding: 
1 1 00011rrri 
I direct address 
I 


Operation: 
MOV 
(direct) 
~ 
(Rn) 


MOV 
direct,direct 


Bytes: 
3 


~ 
Cycles: 
2 


.~ 
... 


Encoding: 
I 1 00010101 
I dir. addr. (src) I 
I dir. addr. (dest) I 


Operation: 
MOV 
(direct) 
~ 
(direct) 


MOV 
direct,@Ri 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 oooJ 
01 
I direct addr. I 


Operation: 
MOV 
(direct) 
~ 
((Ri» 


MOV 
direct, # data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
10111J0101 
I 
I direct address 
I 
I immediate 
data I 


Operation: 
MOV 
(direct) 
~ 
#data 


inter 


MOV 
@RI,A 


Bytes: 


Cycles: 


Encoding: 
I 1 1 1 1 [D 
1 1 


Operation: 
MOV 
«Ri» +- (A) 


MOV 
@Ri,dlrect 


Bytes: 
2 


Cycles: 
2 


Encoding: 
1101O[D1 


Operation: 
MOV 
«Ri» +- (direct) 


MOV 
@Ri,#data 


Bytes: 
2 


Cycles: 


Encoding: 
1 0 1 1 1 ~) 
1 


Operation: 
MOV 
«RI» +- #data 


MOV 
< deat-blt > ,<arc-bit> 


I direct addr. I 


I immediate 
data I 


Function: 
Move bit data 


Description: 
The Boolean variable indicated by the second operand is copied into the location specified by 
the first operand. One of the operands must be the carry flag; the other may be any directly 
addressable bit. No other register or flag is affected. 


Example: 
The carry flag is originally set. The data present at input Port 3 is I100010lB. The data 
previously written to output Port I is 35H (00110101B). 


MOV 
P1.3,C 
MOV 
C,P3.3 
MOV 
P1.2,C 


inter 


MOV 
C,bit 


Bytes: 
2 


Cycles: 


Encoding: 
I 101 
0 I 001 
0 
1 


Operation: 
MOY 
(C) - 
(bit) 


MOV 
blt,C 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11001100101 


Operation: 
MOY 
(bit) - 
(C) 


MOV 
DPTR,#data16 


1 bit address 
I 


I 
bit address 
I 


Function: 
Load Data Pointer 
with a 16-bit constant 


Description: 
The Data Pointer 
is loaded with the 16-bit constant 
indicated. 
The 16-bit constant 
is loaded 
into the second and third bytes of the instruction. 
The second byte (DPH) 
is the high-order 


byte, while the third byte (DPL) 
holds the low-order 
byte. No flags are affected. 


This is the only instruction 
which moves 16 bits of data at once. 


The instruction, 


will load the value 1234H into the Data Pointer: DPH will hold 12H and DPL will hold 34H. 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 0 0 1 I 0 0 0 0 I 
I 
immed. data 15-8 I 
I immed. data7-0 
I 


MOY 
(DPTR) 
- 
#dataI5_0 


DPH 0 DPL - 
#data15_8 0 #data7_0 


inter 


Function: 
Move Code byte 


Description: 
The MOVC 
instructions 
load the Accumulator 
with a code byte, or constant 
from 
program 
memory. 
The address 
of the byte fetched 
is the sum of the original 
unsigned 
eight-bit 
Accumu- 
lator 
content!: 
and the contents 
of a sixteen-bit 
base register, 
which 
may be either 
the Data 
Pointer 
or th~ PC. In the latter 
case, the PC is incremented 
to the address 
of the following 
instruction 
before 
being 
added 
with the Accumulator; 
otherwise 
the base register 
is not al- 
tered. 
Sixteen-bit 
addition 
is performed 
so a carry-out 
from 
the 
low-order 
eight 
bits 
may 
propagate 
through 
higher-order 
bits. No flags are affected. 


Example: 
A value betw,~en 0 and 3 is in the Accumulator. 
The following 
instructions 
will translate 
the 
value in the Accumulator 
to one of four values defined 
by the DB (define 
byte) directive. 


RELJC: 
[NC 
A 


MOVC 
A,@A+PC 


RET 


DB 
66H 


DB 
77H 


DB 
88H 


DB 
99H 


If the subroutine 
is called 
with the Accumulator 
equal to OIH, it will return 
with 77H in the 
Accumulator. 
The INC 
A before 
the MOVC 
instruction 
is needed 
to "get around" 
the RET 
instruction 
above the table. 
If several 
bytes of code separated 
the MOVC 
from the table, 
the 
corresponding 
number 
would be added 
to the Accumulator 
instead. 


MOVC 
A,@A+ 
DPTR 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 0 0 1 [0 
0 1 1 I 


Operation: 
MOVC 
(A) - 
«A) 
+ 
(DPTR» 


MOVC 
A,@A + PC 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 0 0 0 [0 
0 1 1 I 


Operation: 
MOVC 
(PC) - 
(PC) + I 


(A) - 
«A) + (PC)) 


Function: 


Description: 


Move Extemal 


The MOVX instructions transfer data between the Accumulator and a byte of external data 
memory, hence the "X" appended to MOV. There are two types of instructions, differing in 
whether they provide an eight-bit or sixteen-bit indirect address to the external data RAM. 


In the first type, the contents of RO or RI in the current register bank provide an eight-bit 
address multiplexed with data on PO. Eight bits are sufficient for external I/O expansion 
decoding or for a relatively small RAM array. For somewhat larger arrays, any output port 
pins can be used to output higher-order address bits. These pins would be controlled by an 
output instruction preceding the MOVX. 


In the second type of MOVX instruction, the Data Pointer generates a sixteen-bit address. P2 
outputs the high-order eight address bits (the contents of DPH) while POmultiplexes the low- 
order eight bits (DPL) with data. The P2 Special Function Register retains its previous con- 
tents while the P2 output buffers are emitting the contents of DPH. This form is faster and 
more efficient when accessing very large data arrays (up to 64K bytes), since no additional 
instructions are needed to set up the output ports. 


It is possibh: in some situations to mix the two MOVX types. A large RAM array with its 
high-order address lines driven by P2 can be addressed via the Data Pointer, or with code to 
output high-order address bits to P2 followed by a MOVX instruction using ROor RI. 


An extemal 256 byte RAM using multiplexed address/data lines (e.g., an Intel 8155 RAM/ 
I/OlTimer) 
is connected to the 8051 Port O. Port 3 provides control lines for the external 
RAM. Ports I and 2 are used for normal I/O. Registers 0 and I contain 12H and 34H. 
Location 34H of the external RAM holds the value 56H. The instruction sequence, 


inter 


MOVX 
A,@Ri 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 1 1 0 ~~ 


Operation: 
MOVX 
(A) ~ 
«Ri» 


MOVX 
A,@DPTR 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 1 1 0 [!) 0 0 0 


Operation: 
MOVX 
(A) ~ 
«DPTR» 


MOVX 
@Ri,A 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 1 1 1 I~)0 1 


Operation: 
MOVX 
«Ri» 
~ 
(A) 


MOVX 
@DPTR,A 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 1 1 1 [0 
0 0 0 I 


Operation: 
MOVX 
(DPTR) ~(A) 


inter 


Function: 
No Operation 


Description: 
Execution 
c:ontinues 
at the following 
instruction. 
Other 
than 
the PC, no registers 
or flags are 
affected. 


Example: 
It is desired 
to produce 
a low-going 
output 
pulse on bit 7 of Port 
2 lasting 
exactly 
5 cycles. A 
simple SETB/CLR 
sequence 
would generate 
a one-cycle 
pulse, so four additional 
cycles must 
be inserted. 
This 
may 
be done 
(assuming 
no interrupts 
are 
enabled) 
with 
the 
instruction 


sequence, 


CLR 
P2.7 


NOP 


NOP 


NOP 


NOP 


SETB 
P2.7 


Bytes: 


Cycles: 


Encoding: 
I 0 0 0 0 ] 
0 0 0 0 I 


Operation: 
NOP 
(PC) +- (PC) + 


Function: 
Multiply 


Description: 
MUL 
AB multiplies 
the unsigned 
eight-bit 
integers 
in the Accumulator 
and register 
B. The 
low-order 
byte of the sixteen-bit 
product 
is left in the Accumulator, 
and the high-order 
byte in 
B. If the product 
is greater 
than 
255 (OFFH) 
the overflow 
flag is set; otehrwise 
it is cleared. 


The carry 
flag is always 
cleared. 


Example: 
Originally 
the Accumulator 
holds the value 80 (50H). Register 
B holds the value 
160 (OAOH). 


The instruction, 


will give the: product 
12,800 (32ooH), 
so B is changed 
to 32H (ooIIOOlOB) 
and the Accumula- 


tor is c1ean:d. The overflow 
flag is set, carry 
is cleared. 


Bytes: 


Cycles: 
4 


Encoding: 
I 1 0 
1 0 ] 
0 
1 0 0 I 


Operation: 
MUL 
(Ah-O +- (A) X (B) 
(8)15-8 


Function: 
Logical-OR 
for byte variables 


Description: 
ORL 
performs 
the bitwise 
logical-OR 
9peration 
between 
the indicated 
variables, 
storing 
the 
results 
in the destination 
byte. No flags are affected. 


ORL 
A,Rn 


Bytes: 


Cycles: 


The two operands 
allow six addressing 
mode combinations. 
When 
the destination 
is the Accu- 


mulator, 
the source 
can use register, 
direct, 
register-indirect, 
or immediate 
addressing; 
when 
the destination 
is a direct 
address, 
the source 
can be the Accumulator 
or immediate 
data. 


Note: When 
thi, 
instruction 
is used to modify 
an output 
port, 
the value used as the original 
port data will be read from the output 
data 
latch, 
not the input 
pins. 


If the Accumulator 
holds 
OC3H (lIOOOOIIB) 
and 
RO holds 
55H (OIOIOIOIB) 
then 
the in- 
struction, 


When 
the destination 
is a directly 
addressed 
byte, the instruction 
can set combinations 
of bits 


in any RAM 
Iccation 
or hardware 
register. 
The pattern 
of bits to be set is determined 
by a 


mask byte, whic:h may be either a constant 
data value in the instruction 
or a variable 
computed 
in the Accumulator 
at run-time. 
The instruction, 


101001~~ 


ORL 
(A) +- (A) 
V (Rn) 


inter 
MCS@·511F1ROGRAMMER'SGUIDE AND INSTRUCTION 
SET 


ORL 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
10100J0101 
I 
I direct address 
I 


Operation: 
ORL 
(A) +- (AI 
V (direct) 


ORL 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
101 
00J011i 


Operation: 
ORL 
(A) +- (A) 
V «Ri» 


ORL 
A, # data 


Bytes: 
2 


Cycles: 


Encoding: 
101 
00J0100 
I immediate 
data 
I 


Operation: 
ORL 
(A) +- (A) 
V #data 


ORL 
dlrect,A 


Bytes: 
2 


Cycles: 


Encoding: 
10100J00101 
I direct address 
I 


Operation: 
ORL 
(direct) 
_. 
(direct) 
V (A) 


ORL 
direct, # data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
10100J0011 
I 
direct addr. 
I 
I immediate 
data I 


Operation: 
ORL 
(direct) 
_. 
(direct) 
V #data 


inter 


Function: 
Logical-OR for bit variables 


Description: 
Set the carry f..ag if the Boolean value is a logical I; leave the carry in its current state 
otherwise. 
A s~ash ("/") 
preceding the operand in the assembly language indicates that the 
logical complement of the addressed bit is used as the source value, but the source bit itself is 
not affected. No other flags are affected. 


Example: 
Set the carry flag if and only if PI.O = I, ACC. 7 = I, or OV = 0: 


MOV 
C,PI.O 
;LOAD CARRY WITH INPUT PIN PIO 


ORL 
C,ACC.7 
;OR CARRY WITH THE ACC. BIT 7 


ORL 
C,/OV 
;OR CARRY WITH THE INVERSE OF OV. 


ORL 
C,blt 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 0 1 1 1 ~ 
0 10 
I 


Operation: 
ORL 
(C) - 
(C) V (bit) 


ORL 
C,/blt 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11010~10001 


Operation: 
ORL 
(C) - 
(C) V (bit) 


I bit address I 


I bit address I 


intJ 


Pop from stack. 


The contents 
of the internal 
RAM 
location 
addressed 
by the Stack 
Pointer 
is read, 
and the 
Stack 
Poimer 
is decremented 
by one. The value 
read 
is then 
transferred 
to the directly 
ad- 
dressed 
byte indicated. 
No flags are affected. 


The 
Stack 
Pointer 
originally 
contains 
the 
value 
32H, 
and 
internal 
RAM 
locations 
30H 
through 
32H contain 
the values 20H, 23H, and OIH, respectively. 
The instruction 
sequence, 


will leave the Stack Pointer 
equal to the value 30H and the Data 
Pointer 
set to 0123H. 
At this 


point 
the illstruction, 


will leave the Stack 
Pointer 
set to 20H. 
Note 
that 
in this special 
case the Stack 
Pointer 
was 


decrement<:d 
to 2FH before 
being loaded 
with the value popped 
(20H). 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 1 0 1 ] 
0 0 0 0 
I direct address I 


POP 
(direct) 
_. 
«SP» 


(SP) - 
(SP) 
- 
I 


Description: 
The Stack Pointer 
is incremented 
by one. The contents 
of the indicated 
variable 
is then copied 
into the imernal 
RAM 
location 
addressed 
by the Stack Pointer. 
Otherwise 
no flags are affect- 
ed. 


Example: 
On entering 
an interrupt 
routine 
the Stack Pointer 
contains 
09H. The Data 
Pointer 
holds the 


value 0123H. 
The instruction 
sequence, 


PUSH 
DPL 


PUSH 
DPH 


will leave 
the Stack 
Pointer 
set to OBH and store 
23H and OIH in internal 
RAM 
locations 


OAR and OBH, respectively. 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 1 0 0] 
0 0 0 0 
I direct address 
I 


PUSH 
(SP) - 
(SP) + I 


«SP» 
- 
(direct) 


-mer 


Function: 


Description: 


Bytes: 


Cycles: 


RET pops the high- and low-order bytes of the PC successively from the stack, decrementing 
the Stack Pointer by two. Program execution continues at the resulting address, generally the 
instruction immediately following an ACALL or LCALL. No flags are affected. 


The Stack Pointer originally contains the value OBH. Internal RAM locations OAH and OBH 
contain the values 23H and OIH, respectively. The instruction, 


will leave the Stack Pointer equal to the value 09H. Program execution will continue at 
location Ol23H 


RET 
(PCI5-S) +- «SP)) 
(SP) +- (SP) - 
1 


(PC7-O)+- «SP)) 
(SP) +- (SP) - 
1 


Function: 


Description: 


Bytes: 


Cycles: 


Return from interrupt 


RETI pops the l1igh-and low-order bytes of the PC successively from the stack, and restores 
the interrupt lo,~c to accept additional interrupts at the same priority level as the one just 
processed. The Stack Pointer is left decremented by two. No other registers are affected; the 
PSW is not autcmatically restored to its pre-interrupt status. Program execution continues at 
the resulting address, which is generally the instruction immediately after the point at which 
the interrupt request was detected. If a lower- or same-level interrupt had been pending when 
the RETI instruction is executed, that one instruction will be executed before the pending 
interrupt is proc.essed. 


The Stack Pointer originally contains the value OBH. An interrupt was detected during the 
instruction ending at location 0122H. Internal RAM locations OAH and OBH contain the 
values 23H and OlH, respectively. The instruction, 


I0011~~ 


RETI 
(PCI5-S) +- «SP)) 
(SP) +- (SP) - 
I 


(PC7-0) +- «SP)) 
(SP) +- (SP) - 
1 


inter 


Function: 
Rotate 
Accumulator 
Left 


Description: 
The eight bits in the Accumulator 
are rotated 
one bit to the left. Bit 7 is rotated 
into the bit 0 
position. 
No flags are affected. 


Example: 
The Accumulator 
holds the value OC5H (1IOOOIOIB). The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 0 0 1 0] 
0 0 1 1 I 


Operation: 
RL 
(An + I) of- (An) 
n = 0 - 
6 


(AO) +- (11.7) 


Function: 
Rotate 
Ae<:umulator 
Left through 
the Carry 
flag 


Description: 
The eight Cits in the Accumulator 
and the carry flag are together 
rotated 
one bit to the left. Bit 
7 moves into the carry flag; the original 
state of the carry flag moves into the bit 0 position. 
No 
other 
flags are affected. 


Example: 
The Accumulator 
holds the value OC5H (1IOOOI01B), 
and the carry 
is zero. The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 0 0 1 1] 
0 0 
1 I 


Operation: 
RLC 
(An + I) +- (An) 
n = 0 - 
6 
(AO) +- (C) 
(C) +- (A7) 


inter 


Rotate 
Accumulator 
Right 


The eight bits in the Accumulator 
are rotated one bit to the right. Bit 0 is rotated 
into the bit 7 
position. 
No ~ags are affected. 


The Accumulator 
holds the value OC5H (11000101B). 
The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 0 0 0 0 
[0 
0 1 1 I 


Operation: 
RR 
(An) +- (An + I) 
n = 0 - 
6 
(A7) +- (AO) 


Function: 
Rotate 
Accumulator 
Right through 
Carry flag 


Description: 
The eight bits in the Accumulator 
and the carry flag are together 
rotated 
one bit to the right. 
Bit 0 moves :into the carry 
flag; the original 
value of the carry 
flag moves into the bit 7 
position. 
No other flags are affected. 


Example: 
The Accumulator 
holds the value OC5H (1l000101B), 
the carry is zero. The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 0 0 0 1 [0 0 1 1 I 


RRC 
(An) +- (An + 1) 
n = 0 - 
6 
(A7) +- (C) 
(C) +- (AO) 


Description: 
SETH 
sets the 
indicated 
bit to one. 
SETH 
can 
operate 
on the 
carry 
flag or any 
directly 


addressable 
bit. No other 
flags are affected. 


Example: 
The carry flag is cleared. 
Output 
Port 
I has been written 
with the value 34H (001 10IOOH).The 
instructions, 


Bytes: 


Cycles: 


Encoding: 
I 1 1 0 1 
0 0 
1 1 I 


Operation: 
SETH 
(C) ~ 
I 


SETB bit 


Bytes: 
2 


Cycles: 


Encoding: 
I 1 1 0 
1 
[ 0 0 1 0 I 


Operation: 
SETH 
(bit) ~ 
I 


I bit address 
I 


Function: 


Description: 


Short Jump 


Program control branches unconditionally to the address indicated. The branch destination is 
computed by adding the signed displacement in the second instruction byte to the PC, after 
incrementing the PC twice. Therefore, the range of destinations allowed is from 128 bytes 
preceding this instruction to 127 bytes following it. 


The label "RELADR" 
is assigned to an instruction at program memory location 0123H. The 
instruction, 


will assemble into location OIOOH.After the instruction is executed, the PC will contain the 
value 0123H. 


(Note: Under the above conditions the instruction following SJMP will be at 102H. Therefore, 
the displacement byte of the instruction will be the relative offset (0123H-0102H) = 21H. Put 
another way, ,m SJMP with a displacement ofOFEH would be a one-instruction infinite loop.) 


Bytes: 
2 


Cycles: 
2 


11000[0000 
I reI. address 
I 


SJMP 
(PC) +- (PC) + 2 
(PC) +- (PC) + rei 


inter 


Function: 


Description: 


SUBB 
A,Rn 


Bytes: 


Cycles: 


SUBB 
subtracts 
the 
indicated 
variable 
and 
the carry 
flag together 
from 
the Accumulator, 


leaving the n:sult in the Accumulator. 
SUBB sets the carry (borrow) 
flag if a borrow 
is needed 
for bit 7, and 
clears 
C otherwise. 
(If C was set before 
executing 
a SUBB 
instruction, 
this 


indicates 
tha'~ a borrow 
was needed for the previous 
step in a multiple 
precision 
subtraction, 
so 
the carry 
is subtracted 
from the Accumulator 
along with the source 
operand.) 
AC is set if a 
borrow 
is needed for bit 3, and cleared 
otherwise. 
OV is set if a borrow 
is needed 
into bit 6, but 
not into bit 7, or into bit 7, but not bit 6. 


When 
subtracting 
signed 
integers 
OV indicates 
a negative 
number 
produced 
when a negative 


value 
is sub':racted 
from 
a positive 
value, 
or a positive 
result 
when 
a positive 
number 
is 
subtracted 
from a negative 
number. 


The source 
cperand 
allows four addressing 
modes: 
register, 
direct, 
register-indirect, 
or imme- 


diate. 


The Accumvdator 
holds OC9H (1IOOIOOIB), register 
2 holds 
54H (OlOlOl00B), 
and the carry 
flag is set. T.he instruction, 


wi11leave the value 74H (OlllOl00B) 
in the accumulator, 
with the carry 
flag and AC cleared 
but OV set. 


Notice 
that OC9H minus 
54H is 75H. The difference 
between 
this and the above result is due 
to the carry 
(borrow) 
flag being set before the operation. 
If the state of the carry is not known 
before 
starting 
a single or multiple-precision 
subtraction, 
it should 
be explicitly 
cleared 
by a 
CLR 
C instruction. 


1100111rrri 


SUBB 
(A) - 
(A) 
- 
(C) - 
(Rn) 


inter 


SUBB 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
11 
0 0 1 
[0101 
I 
direct address 
I 


Operation: 
SUBB 
(A) +- (A) 
- 
(C) - 
(direct) 


SUBB 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
11 
0 0 1 
[0 
1 1 i I 


Operation: 
SUBB 
(A) +- (A) 
- 
(C) - 
«Ri» 


SUBB 
A, # data 


Bytes: 
2 


Cycles: 


Encoding: 
I 1 0 0 1 [:> 1 00 
I 
immediate 
data I 


Operation: 
SUBB 
(A) +- (A) 
- 
(C) - 
#data 


Function: 
Swap nibbles 
within 
the Accumulator 


Description: 
SWAP 
A interchanges 
the low- and high-order 
nibbles 
(four-bit 
fields) 
of the Accumulator 


(bits 3-0 and bits 7-4). The operation 
can also be thought 
of as a four-bit 
rotate 
instruction. 
No 
flags are affect,~d. 


Example: 
The Accumulator 
holds 
the value OC5H (ll000lOIB). 
The instruction, 


Bytes: 


Cycles: 


Encoding: 
1 1 1 0 0 
~) 
1 0 0 I 


Operation: 
SWAP 
(A3-0) ~ 
(A7-4) 


Function: 


Description: 


Exchange Accumulator with byte variable 


XCH load!: the Accumulator with the contents of the indicated variable, at the same time 
writing the original Accumulator contents to the indicated variable. The source/destination 
operand ca:nuse register, direct, or register-indirect addressing. 


RO contains the address 20H. The Accumulator holds the value 3FH (00111111B). Internal 
RAM location 20H holds the value 75H (OIIIOIOIB). The instruction, 


wi11leave RAM location 20H holding the values 3FH (OOl1l1l1B) and 75H (0111010IB) in 
the accumulator. 


XCH 
A,Rn 


Bytes: 


Cycles: 


Encoding: 


11100] 
1 r r r I 


Operation: 
XCH 
(A) ~ 
(Rn) 


XCH 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 
11100]0101 
I 
I direct address 
I 


Operation: 
XCH 
(A) ~ 
(dire:ct) 


XCH 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
1110010 
1 1 


Operation: 
XCH 
(A) ~ 
«Ri» 


inter 


Function: 


Description: 


Exchange Digit 


XCHD exchanges the low-order nibble of the Accumulator (bits 3-0), generally representing a 
hexadecimal or BCD digit, with that of the internal RAM location indirectly addressed by the 
specified register. The high-order nibbles (bits 7-4) of each register are not affected. No flags 
are affected. 


RO contains tho:address 20H. The Accumulator holds the value 36H (001101lOB). Internal 
RAM location 20H holds the value 75H (01I1010IB). The instruction, 


will leave RAM location 20H holding the value 76H (011101lOB)and 35H (OOIIOIOIB)in the 
Accumulator. 


Bytes: 


Cycles: 


Encoding: 
I 1 1 0 1 ~~ 


Operation: 
XCHD 
(A3-O) ~ «Ri3·0)) 


Function: 


Description: 


Logical Exclusive-OR for byte variables 


XRL performs the bitwise logical Exclusive-OR operation between the indicated variables, 
storing the results in the destination. No flags are affected. 


The two operands allow six addressing mode combinations. When the destination is the Accu- 
mulator, the source can use register, direct, register-indirect, or immediate addressing; when 
the destination is a direct address, the source can be the Accumulator or immediate data. 


(Notf 
When this instruction is used to modify an output port, the value used as the original 
port data will bl' read from the output data latch, not the input pins.) 


If the Accumulator holds OC3H (I 1סס oo1lB) and register 0 holds OAAH (1OIOIOIOB)then 
the instruction, 


When the destimtion is a directly addressed byte, this instruction can complement combina- 
tions of bits in any RAM location or hardware register. The pattern of bits to be complement- 
ed is then detennined by a mask byte, either a constant contained in the instruction or a 
variable computl:d in the Accumulator at run-time. The instruction, 


inter 
MCS@-51 I)ROGRAMMER'S 
GUIDE AND INSTRUCTION 
SET 


XRL 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
101 
10J1rrr 


Operation: 
XRL 
(A) +- (A} V (Rn) 


XRL 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 
101 
10]0101 
I direct address I 


Operation: 
XRL 
(A) +- (A) V (direct) 


XRL 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
10110]01 


Operation: 
XRL 
(A) +- (A) V ((Ri» 


XRL 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
10110J01001 
I immediate data I 


Operation: 
XRL 
(A) +- (A) V #data 


XRL 
direct,A 


Bytes: 
2 


Cycles: 


Encoding: 
10110Jo0101 
I direct address I 


Operation: 
XRL 
(direct) +--(direct) 
V (A) 


inter 


XRL 
direct,#data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 1 1 0 [0 
0 1 1 I 


Operation: 
XRL 
(direct) +- (direct) 
¥ 
#data 


direct address I 
I immediate 
data I 
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inter 


MCS®·51 
8·BIT CONTBOL·ORIENTED 
MICROCOMPUTERS 


8031/8051 
8031 AH/8051 AH 
8032AH/8052AH 
8751H/8751H·8 


• 
High Performance 
HMOS Process 


• 
Internal 
Timers/Event 
CI)unters 


• 
2-Level 
Interrupt 
Priority 
Structure 


• 
32 I/O 
Lines (Four 8-Bit Ports) 


• 
64K Program 
Memory 
Space 


• 
Security 
Feature 
Protects 
EPROM 
Parts 


Against 
Software 
Piracy 


• 
Boolean 
Processor 


• 
Blt·Addressable 
RAM 


• 
Programmable 
Full Duplex Serial 


Channel 


• 
111 Instructions 
(64 Single-Cycle) 


• 
64K Data Memory 
Space 


The MCS~-51 
products 
are optimized 
for control 
applications. 
Byte-processing 
and numerical 
operations 
on 
small data structures 
are facilitatE,d by a variety of fast addressing 
modes for accessing 
the internal 
RAM. The 
instruction 
set provides 
a convenient 
menu of 8-bit arithmetic 
instructions, 
including 
multiply and divide instruc- 


tions. 
Extensive 
on-chip 
support 
is provided 
for one-bit 
variables 
as a separate 
data type, allowing 
direct 
bit 


manipulation 
and testing 
in control 
and logic systems 
that require Boolean 
processing. 


Device 
Internal 
Memory 
Timers! 
Interrupts 
Program 
Data 
Event Counters 


8052AH 
8Kx 
8 ROM 
256x8 
RAM 
3x16-Bit 
6 


8051AH 
4Kx8 
ROM 
128x8 
RAM 
2 x 16-Bit 
5 


8051 
4Kx8 
ROM 
128x8 
RAM 
2 x 16-Bit 
5 


8032AH 
none 
256x 
8 RAM 
3 x 16-Bit 
6 


8031AH 
none 
128 x8 RAM 
2 x 16-Bit 
5 


8031 
none 
128 x8 RAM 
2 x 16-Bit 
5 


8751H 
4K x 8 EPR:>M 
128 x8 RAM 
2 x 16-Bit 
5 


8751H-8 
4Kx8 
EPROM 
128 x8 RAM 
2 x 16-Bit 
5 


The 8751H 
is an EPROM 
version 
of the 8051AH; 
that is, the on-chip 
Program 
Memory 
can be electrically 


programmed, 
and can be erased by exposure 
to ultraviolet 
light. It is fully compatible 
with its predecessor, 
the 


8751-8, 
but incorporates 
two new features: 
a Program 
Memory 
Security 
bit that can be used to protect 
the 


EPROM against unauthorized 
read-out, 
and a programmable 
baud rate modification 
bit (SMOD). The 8751 H-8 


is identical 
to the 8751 H but only operates 
up to 8 MHz. 


r----------- 


'cc~ 


~-= 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


1 
I 
I 
I 
I 
I 


Port 0 pins that have 1s written to them float, and in 
that state can be used as high-impedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during 
accesses 
to external 
Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pullups 
when 
emitting 
1s and can 
source 
and 


sink a LS TTL inputs. 


Port 0 also receives 
the code bytes during program- 


ming 
of the 
EPROM 
parts, 
and 
outputs 
the 
code 


bytes 
during 
program 
verification 
of the 
ROM 
and 


EPROM 
parts. 
External 
pullups 
are required 
during 


program 
verification. 


Port 0 is an a-bit open drain bidirectionalI/O 
port. As 
an output 
port each 
pin can sinl\ a LS TTL inputs. 


[ 


-----80528032 
ONLY 


{ 
T2 
Pl.0 
T2EX 
Pl.1 
Pl.2 
Pl.3 
Pl." 
Pl.5 
Pl.6 
Pl.7 
RST 
RXO P3.0 
TXO P3.1 
INTOP3.2 
INTl P3.3 
TOP3.4 
Tl P3.5 
WR P3.6 
RD P3.7 
XT"L2 
XT"L1 
VSS 


vcc 
PO.O"DO 
PO.l "01 
PO.2 "02 
PO.3 "03 
PO.4 "04 
PO.5 "05 
PO.6 "06 
PO.7 "07 
UVpp 
"LE PROG 
PSEN 
P2.7 A15 
P2.6"14 
P2.5 "13 
P2.4 "12 
P2.3 "11 
P2.2 "10 
P2.1 "9 
P2.0 "8 


.t"JN..-O 
OO_NM 
~ ~ ~ ~ ~ ~ ~f f f f 
•.•.•..••• 
-:a:~;;, 


Port 1 is an 8-bit bidirectional 
I/O 
port with internal 


pullups. The Port 1 output buffers can sink/source 
4 


LS TTL inputs. 
Port 1 pins that 
have 
1s written 
to 


them are pulled 
high by the internal 
pullups, 
and in 


that state 
can be used as inputs. 
As inputs, 
Port 1 


pins that are externally 
being pullod low will source 


current 
(ilL on the data sheet) 
because 
of the inter- 


nal pullups. 


Pl.5 


Pl.6 
• 


P1.7 
, 


RST 
.0 


P3.0 
,. 


He 
,~ 


P3.1 
13. 


P3.2 
u 


P3.3 
" 


P3.4 
II 


P3.5 
17 


Jt 
PO." 


,:HI 
PO.5 


)1 
PO.6 


• 
PO.7 


')5 EA 
,. 
Ne 


)3 
ALE 


n 
PSEN 


31 
P2.7 


)0 
P2.6 


29 
P2.S 


Port 
1 also 
receives 
the 
low-ord er address 
bytes 


during programming 
of the EPROM parts and during 


program 
verification 
of the ROM and EPROM 
parts. 


In the 8032AH 
and 8052AH, 
Port 1 pins P1.0 and 


P1.1 also serve the T2 and T2EX functions, 
respec- 


tively. 


Port 2 is an 8-bit bidirectional 
I/O 
port with internal 


pullups. The Port 2 output buffers can sink/source 
4 


LS TTL inputs. 
Port 2 pins that 
have 
1s written 
to 


them 
are pulled 
high by the internal 
pullups, 
and in 


that state 
can be used as inputs. As inputs, 
Port 2 


pins that are externally 
being pulled 
low will source 


current 
(ilL on the data sheet) 
because 
of the inter- 


nal pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 
fetches 
from 
external 
Program 
Memory 
and during 


accesses 
to external 
Data Memory 
that 
use 16-bit 


addresses 
(MOVX 
@DPTR). 
In this 
application 
it 


uses strong 
internal 
pullups 
when ,emitting 1s. Dur- 


ing accesses 
to external 
Data Memory that use 8-bit 


addresses 
(MOVX @Ri), Port 2 emits the contents 
of 


the P2 Special 
Function 
Register. 


Port 2 also receives 
the high-order 
address 
bits dur- 


ing programming 
of the 
EPROM 
parts 
and 
during 


program 
verification 
of the ROM and EPROM 
parts. 


Port 3 is an 8-bit bidirectional 
I/O 
port with internal 


pullups. The Port 3 output buffers can sink/source 
4 


LS TTL inputs. 
Port 3 pins that 
have 
1s written 
to 


them are pulled 
high by the internal 
pullups, 
and in 


that state can be used as inputs. 
As inputs, 
Port 3 


pins that are externally 
being pulled 
low will source 


current 
(ilL on the data sheet) 
because 
of the pull- 


ups. 


Port 3 also serves 
the functions 
of various 
special 


features 
of the MCS-51 
Family, as listed below: 


Port 
Alternative 
Function 
Pin 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 


P3.2 
INTO (external 
interrupt 
0) 


P3.3 
INT1 (external 
interrupt 
1) 
P3.4 
TO (Timer 0 external 
input) 


P3.5 
I!JTimer 
1 external 
input) 
P3.6 
WR (external 
data memory write strobe) 


P3.7 
RD (external 
data memory read strobe) 


Reset 
input. A high on this pin for two machine 
cy- 


cles while the oscillator 
is running resets the device. 


Address 
Latch 
Enable 
output 
pulse for latching 
the 
low byte of the address 
during accesses 
to external 
memory. 
This 
pin is also 
the 
program 
pulse 
input 
(PROG) during programming 
01' the EPROM 
parts. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate of % the oscillator 
frequency, 
and may be used 
for external 
timing or clocking 
purposes. 
Note, how- 


ever, that one ALE pulse is skipped 
during each ac- 
cess to external 
Data Memory. 


Program 
Store Enable is the read strobe to external 
Program 
Memory. 


When 
the 
device 
is executing 
code 
from 
external 


Program 
Memory, 
PSEN is activated 
twice each ma- 
chine 
cycle, 
except 
that 
two PSEN 
activations 
are 
skipped 
during each access to Bxternal Data Memo- 
ry. 


External 
Access 
enable 
EA must 
be 
strapped 
to 
VSS in order to enable 
any MCS-51 device 
to fetch 
code from external 
Program 
memory 
locations 
0 to 
OFFFH (0 to 1FFFH, in the 803,2AH and 8052AH). 


Note, however, 
that if the Security 
Bit in the EPROM 


devices 
is programmed, 
the 
device 
will 
not 
fetch 


code from any location 
in external 
Program Memory. 


This pin also receives 
the 21V programming 
supply 


voltage 
(VPP) during 
programming 
of the 
EPROM 


parts. 


XTAL 1 and XTAL2 are the input and output, 
respec- 
tively, of an inverting 
amplifier 
which 
can be config- 


ured for use as an on-chip 
oscillator, 
as shown 
in 


Figure 3. Either a quartz crystal or ceramic 
resonator 


may be used. More detailed 
information 
concerning 


the use of the on-chip 
oscillator 
is available 
in Appli- 


cation 
Note 
AP-155, 
"Oscillators 
for 
Microcontrol- 


lers." 


To drive the device 
from an external 
clock 
source, 


XT AL 1 should 
be grounded, 
while XTAL2 
is driven, 


as shown in Figure 4. There are no requirements 
on 
the duty cycle of the external 
clock signal, since the 
input 
to the internal 
clocking 
circuitry 
is through 
a 


divide-by-two 
flip-flop, 
but minimum 
and 
maximum 


high and low times specified 
on the Data Sheet must 


be observed. 


EXTERNAL 
OSCILLATOR 


SIGNAL 


'Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
_.65·C to + 150·C 


Voltage 
on EAlVpp 
Pin to Vss 
--0.5V 
to + 21.5V 


Voltage on Any Other Pin to Vss 
- 0.5V to + 7V 


Power Dissipation 
1.5W 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
(Except EA Pin of 
-0.5 
0.8 
V 


8751 H & 8751 H-8) 


VIL1 
Input Low Voltage to EA Pin of 
0 
0.7 
V 
, 


8751 H & 8751 H-8 


VIH 
Input High Voltage 
(Except XT AL2, 
2.0 
Vcc + 0.5 
V 


RST) 


VIH1 
Input High Voltage to XTAL2, RST 
2.5 
VCC + 0.5 
V 
XTAL1 = Vss 


VOL 
Output Low Voltage 
(Ports 1, 2, 3)' 
0.45 
V 
IOL = 1.6 mA 


Vou 
Output Low Voltage 
(Port 0, ALE, PSEN)' 


8751 H, 8751 H-8 
0.60 
V 
IOL = 3.2 mA 


0.45 
V 
IOL = 2.4 mA 


All Others 
0.45 
V 
IOL = 3.2 mA 


VOH 
Output High Voltage (Porls 1, 2, 3, ALE, PSEN) 
2.4 
V 
IOH = -80 
JJ-A 


VOH1 
Output High Voltage 
(Port 0 in 
2.4 
V 
IOH = -400 
JJ-A 
External Bus Mode) 


IlL 
Logical 0 Input Current (Ports 1, 2, 3, 


RST) 8032AH, 
8052AH 
-800 
JJ-A 
VIN = 0.45V 
All Others 
-500 
JJ-A 
VIN = 0.45V 


IIL1 
Logical 0 Input Current to EA Pin of 
-15 
mA 


8751 H & 8751 H-8 Only 


11L2 
Logical 0 Input Current (XTAL2) 
-3.2 
mA 
VIN = 0.45V 


III 
Input Leakage Current (PI)rt 0) 


8751 H & 8751 H-8 
±100 
JJ-A 
0.45 ~ VIN ~ Vcc 
All Others 
±10 
JJ-A 
0.45 ~ VIN ~ Vcc 


IIH 
Logical 1 Input Current to EA Pin of 
500 
JJ-A 


8751 H & 8751 H-8 


IIH1 
Input Current to RST to Activate 
Reset 
500 
JJ-A 
VIN < (VCC - 
1.5V) 


Icc 
Power Supply Current: 
8031/8051 
160 
mA 


8031 AH/8051 
AH 
125 
mA 
All Outputs 
8032AH/8052AH 
175 
mA 
Disconnected; 
8751 H/8751 H-8 
250 
mA 
EA = Vcc 


CIO 
Pin Capacitance 
10 
pF 
Test freq = 1 MHz 


'NOTE: 
Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE and Ports 1 
and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-10-0 
transitions during bus operations. In the worst cases (capacitive loading> 
100 pF), the noise pulse on the ALE line may 
exceed O.BV.In such cases it may be dee.irableto qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 


A.C. CHARACTERISTICS 
TA = O·Cto 
+70·C;Vcc 
= 5V ±10%;Vss 
= OV; 


Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF; 
Load Capacitance 
for All Other Outputs = 80 pF 


Symbol 
Paramett!r 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold aftElr ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
8751H 
183 
4TCLCL-150 
ns 
All Others 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEfli Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Widtl, 
8751H 
190 
3TCLCL-60 
ns 
All Others 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instr In 
8751H 
100 
3TCLCL-150 
ns 
All Others 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float a.fter PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address to Valid 
nstr In 


8751H 
267 
5TCLCL-150 
ns 
All Others 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold after FID 
0 
0 
ns 


TRHDZ 
Data Float after Fm 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD C>rWR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
203 
4TCLCL-130 
ns 


TaVWX 
Data Valid to WR' Transition 


8751H 
13 
TCLCL-70 
ns 


All Others 
23 
TCLCL-60 
ns 


TOVWH 
Data Valid to WFt High 
433 
7TCLCL-150 
ns 


TWHOX 
Data Hold after WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to AddrElss Float 
20 
20 
ns 


TWHLH 
RD or WR High to ALE High 


8751H 
33 
133 
TCLCL-50 
TCLCL+50 
ns 


All Others 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


NOTE: 
'This 
table does 
not include 
the 8751-8 
A.C. characteristics 
(see next page). 


inter 


A.C. CHARACTERISTICS 
TA = O·C to + 70·C; vcc = 5V ± 10%; VSS = OV; 
Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF; 


Load Capacitance 
for All Other Outputs 
= 80 pF 


Symbol 
Parameter 
8 MHz Oscillator 
Variab.le Oscillator 
Units 


Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
8.0 
MHz 


TLHLL 
ALE Pulse Width 
210 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
85 
TCLCL-40 
ns 


TLLAX 
Address 
Hold after ALE Low 
90 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
350 
4TCLCL-150 
ns 


TLLPL 
ALE Low to PSEN Low 
100 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
315 
3TCLCL-60 
ns 


TPLIV 
PSEN Low to Valid Illstr In 
225 
3TCLCL-150 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float after PSEN 
105 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
117 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instr In 
475 
5TCLCL-150 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
650 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
650 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
460 
5TCLCL-165 
ns 


TRHDX 
Data Hold after RD 
0 
0 
ns 


TRHDZ 
Data Float after RD 
180 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
850 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
960 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WI'={Low 
325 
425 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WF[ Low 
370 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
55 
TCLCL-70 
ns 


TQVWH 
Data Valid to WR High 
725 
7TCLCL-150 
ns 


TWHQX 
Data Hold after WR 
75 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
20 
20 
ns 


TWHLH 
RD or WR High to ALE High 
75 
175 
TCLCL-50 
TCLCL+50 
ns 


inter 


PSEN J 


PORTO =>- 


X 
AI-A'S 
FROM 
PCH 


X..__A_B_-_A_'_S_F_R_O_M_P_C_H__ 


inter 


SERIAL 
PORT TIMING-·SHIFT 
REGISTER 
MODE 


Test Conditions: 
TA = O°C to 70°C; VCC = 5V ± 10%; VSS = OV; Load Capacitance 
= 80 pF 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Min 
Max 
Min 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
p.s 


TOVXH 
Output Data Setup to Clock Rising 
700 
'1OTCLCL - 133 
ns 
Edge 


TXHOX 
Output Data Hold after Clock 
50 
2TCLCL-117 
ns 
Rising Edge 


TXHDX 
Input Data Hold after Glock Rising 
0 
0 
ns 


Edge 


TXHDV 
Clock Rising Edge to Input Data 
700 
1OTCLCL -133 
ns 
Valid 


I.•. 
TOVXH..-! 
~ •.. 
UHOX 
I 
---~\---~X 
X~__ 
~X~__ 
~X~__ 
~X~ 
X~ __ 
X~ __ 
7 


I j 
t 
SET" 


UHO' 
•• .---.-j 
f- ,,"0' 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TClCl 
Oscillator 
Frequency 
(except 8751 H-8) 
3.5 
12 
MHz 
8751 H-8 
3.5 
8 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low 
Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


2.5~( 


~ 


2.0 
:c.o 
> TEST 
POINTS <: 


0.8 
0.8 


270048-11 
A.G. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 


Mode 
RST 
PSEN 
ALE 
EA 
P2.7 
P2.6 
P2.5 
P2.4 


Program 
1 
0 
O' 
VPP 
1 
0 
X 
X 


Inhibit 
1 
0 
1 
X 
1 
0 
X 
X 
Verify 
1 
0 
1 
1 
0 
0 
X 
X 


Security Set 
1 
0 
O' 
VPP 
1 
1 
X 
X 


NOTE: 
"1" 
= logic high for that pin 
"0" = logic low for that pin 
"X" = "don't care" 


To be programmed, the part must be running with a 
4 to 6 MHz oscillator. (The I'eason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro- 
priate internal registers.) The address of an EPROM 
location to be programmed is applied to Port 1 and 
pins P2.0-P2.3 of Port 2, whilElthe code byte to be 
programmed into that location is applied to Port O. 
The other Port 2 pins, and FIST, PSEN, and EA 
should be held at the "Program" levels indicated in 
Table 3. ALE is pulsed low for !50ms to program the 
code byte into the addressed EPROM location. The 
setup is shown in Figure 5. 


Normally EA is held at a logic high until just before 
ALE is to be pulsed. Then EA is raised to +21V, 
ALE is pulsed, and then EA is returned to a logic 
high. Waveforms and detailed timing specifications 
are shown in later sections of this data sheet. 


"vpp" 
= +21V ±0.5V 


•ALE is pulsed low for 50 ms. 


Note that the EAIVPP pin must not be allowed to go 
above the maximum specified VPP level of 21.5V for 
any amount of time. Even a narrow glitch above that 
voltage level can cause permanent damage to the 
device. The VPP source should be well regulated 
and free of glitches. 


Program Verification 


If the Security Bit has not been programmed, the on- 
chip Program Memory can be read out for verifica- 
tion purposes, if desired, either during or after the 
programming operation. The address of the Program 
Memory location to be read is applied to Port 1 and 
pins P2.0-P2.3. The other pins should be held at the 
"Verify" levels indicated in Table 3. The contents of 
the addressed location will come out on Port O. Ex- 
ternal pullups are required on Port 0 for this opera- 
tion. 


The setup, ,which is shown in Figure 6, is the same 
as for programming the EPROM except that pin P2.7 
is held at a logic low, or may be used as an active- 
low read strobe. 


inter 


The security feature consists 
of a "locking" 
bit which 


when 
programmed 
denies 
electrical 
access 
by any 


external 
means 
to 
the 
on-chip 
Program 
Memory. 


The bit is programmed 
as shown 
in Figure 
7. The 


setup 
and 
procedure 
are the 
same 
as for 
normal 


EPROM 
programming, 
except 
that P2.6 is held at a 


logic high. Port 0, Port 1, and pins P2.0-P2.3 
may be 
in any state. 
The other 
pins should 
be held at the 
"Security" 
levels indicated 
in Tablo 3. 


Once the Security 
Bit has been programmed, 
it can 


be cleared 
only by full erasure of the Program 
Mem- 


ory. While 
it is programmed, 
the 
internal 
Program 


Memory 
can not be read out, the device 
can not be 


further 
programmed, 
and it can not execute 
out of 


external 
program 
memory. 
Erasing 
the 
EPROM, 


thus clearing 
the Security 
Bit, restores 
the device's 


full functionality. 
It can then be reprogrammed. 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 


chip 
is exposed 
to 
light 
with 
wavelengths 
shorter 
than approximately 
4,000 Angstroms. 
Since sunlight 


and 
fluorescent 
lighting 
have 
wavelengths 
in this 


range, 
exposure 
to these 
light sources 
over an ex- 


tended 
time (about 
1 week· in sunlight, 
or 3 years in 
room-level 
fluorescent 
lighting) could cause inadver- 


tent erasure. 
If an application 
subj(3cts the device to 
this type of exposure, 
it is suggestod 
that an opaque 


label be placed 
over the window. 


The 
recommended 
erasure 
procedure 
is exposure 


to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 


ed dose 
of at least 
15 W-secl cm2. 
Exposing 
the 


EPROM 
to an ultraviolet 
lamp 
of 12,000 
p.W/cm2 


rating for 20 to 30 minutes, 
at a distance 
of about 
1 


inch, should 
be sufficient. 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


TA = 21°C to 27"C; VCC = 5V ± 10%; VSS = OV 


Symbol 
Pilrameter 
Min 
Max 
Units 


VPP 
Programmi1g 
Supply Voltage 
20.5 
21.5 
V 


IPP 
Programming 
Supply Current 
30 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
SEltup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to VPP 
48TCLCL 


TSHGL 
VPP Setup to PROG Low 
10 
p.s 


TGHSL 
VPP Hold after PROG 
10 
p.s 


TGLGH 
PROGWidth 
45 
55 
ms 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


inter 


-1 
J_TEHQZ 


tsU::»lAMt" 
MCS®-51 FAMILY 


a-BIT CONTROL-ORIENTED 
MICROCONTROLLER 


VVITH PROTECTED ROM 


• 
High Performance 
HMOS !f)rocess 


• 
Internal 
Timers/Event 
Counters 


• 
2-Level 
Interrupt 
Priority Structure 


• 
32 I/O 
Lines (Four 8-Bit P,orts) 


• 
4K Program 
Memory 
Space 


• 
Protection 
Feature 
Protects 
ROM Parts 


Against 
Software 
Piracy 


• 
Boolean 
Processor 


• 
Bit-Addressable 
RAM 


• 
Programmable 
Full Duplex Serial 


Channel 


• 
111 Instructions 
(64 Single-Cycle) 


• 
4K Data Memory 
Space* 
*Expandable 
to 64K 


• 
Available 
in 40 Pin Plastic and CERDIP 


Packages 


(See 
Packaging 
Outlines 
and Dimensions 
Order 
#231369) 


The MCS®-51 
products 
are optimized 
for control 
applications. 
Byte-processing 
and numerical 
operations 
on 


small data structures 
are facilitated 
by a variety of fast addressing 
modes for accessing 
the internal 
RAM. The 


instruction 
set provides 
a convenient 
menu of 8-bit arithmetic 
instructions, 
including 
multiply and divide instruc- 
tions. 
Extensive 
on-chip 
support 
is provided 
for one-bit 
variables 
as a separate 
data type, allowing 
direct 
bit 
manipulation 
and testing 
in control 
and logic systems 
that require 
Boolean 
processing. 


MCS-51 HMOS 
Internal 
Memory 
Timersl 
Interrupts 
Family Device 
Proglram 
Data 
Event Counters 


8051AH 
4Kx8 
ROM 
128 x 8 RAM 
2 x 16-Bit 
5 


8051AHP 
4K x 8 ROM 
128 x8 RAM 
2 x 16-Bit 
5 


The 8051AHP 
is identical 
to the El051AH with the exception 
of the Protection 
Feature. 
To incorporate 
this 


Protection 
Feature, 
program 
verification 
has been disabled 
and external 
memory 
accesses 
have been limited 
to 4K. 


inter 
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Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during 
accesses 
to external 
Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pullups 
when 
emitting 
1s and 
can source 
and 


sink a LS TTL inputs. 
Vcc 


Supply voltage. 


Port 0 also receives 
the code bytes during program- 


ming 
of the 
EPROM 
parts, 
and 
outputs 
the 
code 


bytes 
during 
program 
verification 
of the 
ROM 
and 


EPROM 
parts. 
External 
pullups 
are required 
during 


program 
verification. 


Port 0 is an a-bit open drain bidiroctionall/O 
port. As 
an output 
port each 
pin can sink a LS TTL inputs. 


Port 1 is an a-bit bidirectional 
I/O 
port with internal 


pullups. 
The Port 1 output 
buffers 
can sink source 
4 


LS TTL inputs. 
Port 1 pins that 
have 
1s written 
to 
Port 0 pins that have 1s written 
to them float, and in 
that state can be used as high-impedance 
inputs. 


inter 


PLO 
1 
VCC 
Pl.! 
2 
PO.OADO 
Pl.2 
3 
PO.l ADl 
Pl.3 
4 
PO.2 AD2 
Pl.4 
S 
PO.3 AD3 
Pl.S 
6 
PO.4 AD4 
PL6 
7 
PO.5 ADS 
Pl.7 
8 
PO.6 AD6 
RST 
9 
PO.7 AD7 
RXD P3.0 
10 
EA, VPP 
TXD P3.1 
11 
ALE'PROG 
INTOP3.2 
12 
PSEN 
INTl P3.3 
13 
P2.7 A1S 
TOP3.4 
14 
P2.6A14 
Tl P3.5 
IS 
P2.5 A13 
WR P3.6 
16 
P2.4 A12 
liD P3.7 
17 
P2.3 All 
XTAL2 
18 
P2.2 Al0 
XTALl 
19 
P2.! A9 
VSS 
20 
P2.0 A8 
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Pin 


Figure 
2. MCS®-51 Connections 


them 
are pulled 
high by the internal 
pullups, 
and in 
Port 3 


that state 
can be used as inputs. 
As inputs, 
Port 1 


pins that are externally 
being pulle'd low will source 


current 
(IlL. on the data sheet) because 
of the inter- 


nal pullups. 


Port 2 is an 8-bit bidirectional 
I/O port with internal 


pullups. The Port 2 output buffers can sink/source 
4 


LS TIL 
inputs. 
Port 2 pins that 
have 
1s written 
to 


them 
are pulled 
high by the internal 
pullups, 
and in 


that 
state can be used as inputs. 
As inputs, 
Port 2 


pins that are externally 
being pulled 
low will source 


current 
(IlL on the data sheet) 
because 
of the inter- 


nal pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 


fetches 
from 
external 
Program 
Memory 
and during 


accesses 
to external 
Data 
Memorf 
that 
use 16-bit 


addresses 
(MOVX 
@DPTR). 
In this 
application 
it 


uses strong 
internal 
pullups 
when 
emitting 
1s. Bits 


P2.4 through 
P2.7 are forced to 0, e,ffectively limiting 


external 
Data 
and Code 
space 
to 4K each 
in the 


8051AHP 
during external 
accesses". 
During access- 


es to external 
Data Memory that 
USB 8-bit addresses 
(MOVX 
@Ri). Port 2 emits 
the 
contents 
of the 
P2 


Special 
Function 
Register. 


Port 2 also receives 
the high-order 
,address bits dur- 


ing programming 
of the 
EPROM 
parts 
and 
during 


program 
verification 
of the ROM and EPROM 
parts. 


·Protection 
feature 


Port 3 is an 8-bit bidirectional 
I/O 
port with internal 


pullups. The Port 3 output buffers can sink/source 
4 


LS TIL 
inputs. 
Port 3 pins that 
have 
1s written 
to 
them are pulled 
high by the internal 
pullups, 
and in 
that state 
can be used as inputs. 
As inputs. 
Port 3 


pins that are externally 
being pulled 
low will source 


current 
(IlL on the data sheet) 
because 
of the pull- 


ups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the MCS-51 
Family, as listed below: 


Port 
Alternative 
Function 
Pin 


P3.0 
RXD (serial input port) 


P3.1 
TXD (serial output port) 


P3.2 
INTO (external 
interrupt 
0) 


P3.3 
INT1 (external 
interrupt 
1) 


P3.4 
TO (Timer 0 external 
input) 


P3.5 
T1 (Timer 1 external 
input) 


P3.6 
WR (external 
data memory write strobe) 


P3.7 
RD (external 
data memory 
read strobe) 


Reset input. A high on this pin for two machine cy- 
cles while the oscillator is running resets the device. 


Address Latch Enable output pulse for latching the 
low byte of the address during accesses to external 
memory. 


In normal operation ALE is emitted at a constant 
rate of % the oscillator frequency, and may be used 
for external timing or clocking purposes. Note, how- 
ever, that one ALE pulse is skipped during each ac- 
cess to external Data Memory. 


Program Store Enable is the read strobe to external 
Program Memory. 


When the device is executing code from external 
Program Memory, PSEN is activated twice each ma- 
chine cycle, except that two 15:SENactivations are 
skipped during each access to ElxternalData Memo- 
ry. 


EA/Vpp 


External Access enable EA shl)uld be strapped to 
VCC for internal program execJtions. EA must be 
strapped to Vss in order to enable any MCS-51 de- 
vice to fetch code from extern~1Program memory 
locations 0 to OFFFH. 


XTAL1 and XTAL2 are the input and output, respec- 
tively, of an inverting amplifier which can be config- 
ured for use as an on-chip oscillator, as shown in 
Figure 3. Either a quartz crystal or ceramic resonator 
may be used. More detailed information concerning 
the use of the on-chip oscillator is available in Appli- 
cation Note AP-155, "Oscillators for Microcontrol- 
lers." 


To drive the device from an external clock source, 
XTAL1 should be grounded, while XTAL2 is driven, 
as shown in Figure 4. There are no requirements on 
the duty cycle of the external clock signal, since the 
input to the internal clocking circuitry is through a 
divide-by-two flip-flop, but minimum and maximum 
high and low times specified on the Data Sheet must 
be observed. 


EXTERNAL 


OSCILLATOR 
----; 
XTAL2 


SIGNAL 


The 8051AHP cannot access external Program or 
Data memory above 4K. This means that the follow- 
ing instructions that use the Data Pointer only read/ 
write data at address locations below 4K: 


MOVX A, 
@DPTR 
MOVX 
@DPTR, 
A 


When the Data Pointer contains an address above 
the 4K limit, those locations will not be accessed. 


inter 


"Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias .... 
O·C to + 70·C 


Storage Temperature 
-- 65·C to + 150·C 


Voltage on EAlVpp 
Pin to VSS 
- 0.5V to + 21.5V 


Voltage 
on Any Other Pin to Vss 
-0.5V 
to + 7V 


Power Dissipation 
1.5W 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(EXCEiptXTAL2, RST) 
2.0 
Vcc + 0.5 
V 


V,Hl 
Input High Voltage to XT AL2, RST 
2.5 
VCC + 0.5 
V 
XTAL1 = VSS 


VOL 
Output Low Voltage 
(POlts 1, 2, 3)" 
0.45 
V 
IOL = 1.6 mA 


VOL1 
Output Low Voltage 
(Po It 0, ALE, PSEN)" 
0.45 
V 
IOL = 3.2 mA 


VOH 
Output High Voltage 
(Ports 1, 2, 3, ALE, PSEN) 
2.4 
V 
IOH = -80/-LA 


VOHl 
Output High Voltage 
(Port 0 in External Bus Mode) 
2.4 
V 
IOH = -400/-LA 


IlL 
Logical 0 Input Current 
-500 
/-LA 
VIN = 0.45V 


IIL2 
Logical 0 Input Current (XTAL2) 
-3.2 
mA 
V,N = 0.45V 


III 
Input Leakage Current (Port 0) 
±10 
/-LA 
0.45 :s;;VIN :s;;VCC 


IIH 
Input Current to RST to Activate 
Reset 
500 
/-LA 
VIN < (Vcc 
- 
1.5V) 


ICC 
Power Supply Current 
125 
mA 
All Outputs 
Disconnected; 
EA = VCC 


CIO 
Pin Capacitance 
10 
pF 
Test freq = 1 MHz 


"NOTE: 
Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE and Ports 1 
and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-to-0 
transitions during bus operations. In the worst cases (capacitive loading> 
100 pF), the noise pulse on the ALE line may 
exceed o.av. In such cases it may be clesirableto qualify ALE with a Schmitt Trigger. or use an address latch with a Schmitt 
Trigger STROBE input. 


inter 


A.C. CHARACTERISTICS 
TA = O·Cto 
+70·C;Vcc 
= 5V ±10%;Vss 
= OV; 
Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF; 
Load Capacitance 
for All Other Outputs 
= 80 pF 


Symbol 
ParametEir 
12 MHz Oscillator 
Variable 
Oscillator 
Units 


Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold after ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Il1str In 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Validllnstr 
In 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float after PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instr In 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold after Rei 
0 
0 
ns 


TRHDZ 
Data Float after REi 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid D03.taIn 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or iNR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
203 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
23 
TCLCL-60 
ns 


TQVWH 
Data Valid to WR High 
433 
7TCLCL-150 
ns 


TWHQX 
Data Hold after WFi 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
20 
20 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


inter 


X 
A_8_-A_1_5 
_ 


X 
A8-A15 
FROM 
PCH 


inter 


X~__A_8_-A_'_5_F_R_O_M_PC_H__ 


SERIAL 
PORT TIMING-~;HIFTREGISTER 
MODE 


Test Conditions: 
TA = O·C to + 70·C; Vcc = 5V ± 10%; Vss = OV; Load Capacitance 
= 80 pF 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Min 
Max 
Min 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
!Jos 


TOVXH 
Output Data Setup to Clock Rising 
700 
1OTCLCL -133 
ns 
Edge 


TXHOX 
Output 
Data Hold after Clock 
50 
2TCLCL -117 
ns 
Rising Edge 


TXHDX 
Input Data Hold after Clock Rising 
0 
0 
ns 
Edge 


TXHDV 
Clock Rising Edge to Input Data 
700 
1OTCLCL -133 
ns 
Valid 


Al.l 
l'-fun---1 


I""OV.H .• I ~ 
nHOX 
I 
--~\====K==-:X __ 
X 
X__ 
X 
X 
X 
I 


I 
j 
t 


SEt 
'1 
".•,--..j 
I--".•. 
~ 
."Ifl 
fOSIIUF 


infeF 


Symbol 
Parameter 
Min 
Max 
Units 


1/TClCl 
Oscillator 
Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low 
Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


2.5~llCX 


~ 


The program 
verification 
test mode 
has been elimi- 


nated on the 8051AHP. 
It is not possible 
to verify the 


ROM 
contents 
using 
this 
mode, 
the 
way 
EPROM 


programmers 
typically 
do. Also, the ROM contents 


cannot 
be verified 
by a program 
executing 
out 
of 


external 
program 
memory 
due to the restricted 
ad- 


dressing 
on the 8051AHP. 


20 
~ 


0.'> 
TESTPOlNTS~ 


A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 


S031AH/S051AH 
S032AH/S052AH 
S751H/S751H-S 


The Intel EXPRESS 
system 
offers 
enhancements 
to the operational 
specifications 
of the MCS®-51 
family of 
microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet the 
needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn-in, and an extended 
temperature 
range with or without 
burn-in. 


With the commercial 
standard 
temperature 
range operational 
characteristics 
are guaranteed 
over the temper- 
ature 
range 
of O·C to 70·C. 
With 
the extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40·C to + 85·C. 


The optional 
burn-in is dynamic, 
for a minimum time of 160 hours at 125·C with Vee = 5.5V ± 0.25V. following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package 
types 
and EXPRESS 
versions 
are identified 
by a one- or two-letter 
prefix to the part number. 
The 
prefixes 
are listed in Table 
1. 


For the extended 
temperature 
ran~Jeoption, this data sheet specifies 
the parameters 
which deviate from their 
commercial 
temperature 
range 
limits. The commercial 
temperature 
range data sheets 
are applicable 
for all 
parameters 
not listed here. 


Electrical Deviations 
from Commercial 
Specifications 
for Extend.!d 


Temperature 
Range 


D.C. and A.C. parameters 
not included 
here are the 
same as in the commercial 
temperature 
range data 
sheets. 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.75 
V 


VIH 
Input High VoltagE! (Except 
2.1 
Vee + 0.5 
V 


XTAL2, RST) 


Ice 
Power Supply Current: 


8051AH,8031AH 
135 
mA 
All Outputs 
8052AH,8032AH 
175 
mA 
Disconnected; 
8751 H, 8751 H·B 
265 
mA 
EA = Vee 


IIL2 
Logic 0 Input Curmnt 
(XTAL2) 
-4.0 
mA 
Vin = 0.45V 


Prefix 
Package 
Type 
Temperature 
Range 
Burn-In 


P 
plastic 
commercial 
no 


D 
cerdip 
commercial 
no 


C 
Geramic 
commercial 
no 


N 
PLCC 
commercial 
no 


R 
LCC 
commercial 
no 


TP 
plastic 
extended 
no 


TO 
cerdip 
extended 
no 


TC 
Geramic 
extended 
no 


QP 
plastic 
commercial 
yes 


QD 
cerdip 
commercial 
yes 


QC 
ceramic 
commercial 
yes 


LP 
plastic 
extended 
yes 


LD 
cerdip 
extended 
yes 


LC 
ceramic 
extended 
yes 


Please note: 


• 
Commercial 
temperature 
ran~le is O°C to 70°C. Extended 
temperature 
range is - 40°C to + 85°C. 


• 
Burn-in is dynamic, 
for a minimum time of 160 hours at 125°C, VCC = 5.5V ±0.25V, 
following 
guidelines 
in 
MIL-STD-883 
Method 
1015 (-est 
Condition 
D). 


• 
The following 
devices 
are not available 
in ceramic 
packages: 
8051AH,8031AH 
8052AH, 
8032AH 


• 
The following 
devices 
are not available 
in extended 
temperature 
range: 


8751 H, 8751 H-8 


Examples: 
P8031AH 
indicates 
8031AH 
in a plastic 
package 
and specified 
for commercial 
temperature 
range, 
without 
burn-in. 
LD8051AH 
indicates 
8051AH 
in a cerdip 
package 
and specified 
for extended 
temperature 
range with burn-in. 
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8751BH 


SINGLE-ICHIP 8-BIT MICROCOMPUTER 


WITH 4K BYTIES OF EPROM PROGRAM MEMORY 


• 
Program Memory Lock 


• 
128 Bytes Data Ram 
• 
Quick Pulse Programming™ 
Algorithm 


• 
12.75 Volt Programming Voltage 


• 
Boolean Processor 


• 
32 Programmable 
110 Linos 


• 
Two 16-Bit Timer/Counters 


• 
5 Interrupt Sources 
• 
Programmable Serial Channel 


• 
64K External Program Memory Space 


• 
64K External Data Memory Space 


r---------- 
v~ 


Vss 
~ 


PffiI 
ALE/1'1!Oll 


nIY" 


RS' 
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PLO 


Pl.1 


P1.2 


P1.3 


Pl.4 


PI.S 


Pl.6 


Pl.? 


RESET 


(RXD) 
P3.0 


(TXD) 
P3.1 


(INTO) 
P3.2 


(INT1) 
P3.3 


(TO) PH 


(T1) 
P3.S 


(ViR) 
P3.6 


(iffi) 
P3.? 


XTAL2 


XTAL1 


VSS 


vcc 


PO.O (ADO) 


PO.1 
(AD1) 


PO.2 
(AD2) 


PO.3 
(AD3) 


POA 
(AD4) 


PO.S 
(ADS) 


PO.6 
(AD6) 


PO.? 
(AD?) 


EA/VPP 


ALE/PROG 


PSEN 


P2.? 
(A15) 


P2.6 
(A 14) 


P2.S 
(A13) 


P2.4 
(A12) 


P2.3 
(A11) 


P2.2 
(A10) 


P2.1 
(A9) 


P2.0 
(A8) 


Figure 2. Pin Conn4!ctions 


Vcc: 
Supply vo'ltage. 


Port 0: Port 0 is an a-bit open drain bidirectional 
I/O 
port. As an output 
port each pin can sink a LS TTL 
inputs. Port 0 pins that have 1s written to them float, 
and 
in that 
state 
can 
be used 
as high-impedance 
inputs. 


Port 0 is also the multiplexed 
10Yl-order address 
and 
data bus during 
accesses 
to external 
Program 
and 
Data Memory. 
In this application 
it uses strong inter- 
nal pullups 
when 
emitting 
1s, and can source 
and 
sink a LS TTL inputs. 


Port 0 also receives 
the code bytes during 
EPROM 
programming, 
and 
outputs 
the 
code 
bytes 
during 
program 
verification. 
External 
pullups 
are required 
during program 
verification. 


Port 
1: Port 1 is an a-bit bidirectional 
I/O 
port with 
internal 
pull ups. The Port 1 output 
buffers 
can sink/ 


source 
4 LS TTL inputs. 
Port 
1 pins that 
have 
1s 
written 
to them 
are pulled 
high by the internal 
pull- 
ups, and 
in that 
state 
can 
be IJsed as inputs. 
As 


inputs, 
Port 
1 pins that 
are externally 
being 
pulled 


low will source 
current 
(IlL, on the data sheet) 
be- 


cause of the internal 
pullups. 


Port 
1 also 
receives 
the 
low-order 
address 
bytes 


during 
EPROM 
programming 
and program 
verifica- 


tion. 


Port 2: Port 2 is an a-bit bidirectional 
I/O 
port with 


internal 
pull ups. The. Port 2 output 
buffers 
can sink/ 


source 
4 LS TTL inputs. 
Port 2 pins that 
have 
1s 


written 
to them are pulled 
high by the internal 
pull- 


ups, and 
in that 
state 
can 
be used 
as inputs. 
As 


inputs, 
Port 2 pins that 
are externally 
being 
pulled 


low will source 
current 
(IlL. on the data sheet) 
be- 


cause of the internal 
pullups. 


Port 
2 
emits 
the 
high-order 
address 
byte 
during 


fetches 
from 
external 
Program 
Memory 
and during 


accesses 
to external 
Data 
Memory 
that 
use 16-bit 


addresses 
(MOVX 
@DPTR). 
In this 
application 
it 


uses strong 
internal 
pullups 
when 
emitting 
1s. Dur- 
ing accesses 
to external 
Data Memory 
that use a-bit 


addresses 
(MOVX @Ri), Port 2 emits the contents 
of 


the P2 Special 
Function 
Register. 


Port 2 also receives 
the high-order 
address 
bits dur- 


ing EPROM 
programming 
and program 
verification. 


Port 3: Port 3 is an a-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 3 output 
buffers 
can sink/ 


source 
4 LS TTL 
inputs. 
Port 3 pins that 
have 
1s 


written 
to them 
are pulled 
high by the internal 
pull- 


ups, and 
in that 
state 
can 
be used 
as inputs. 
As 


inputs, 
Port 3 pins that 
are externally 
being 
pulled 
low will source 
current 
(IlL, on the data sheet) 
be- 


cause of the pullups. 


Port 3 also serves 
the functions 
of various 
special 


features 
of the MCS®-51 
Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 


P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 0) 


P3.3 
INT1 (external 
interrupt 
1) 


P3.4 
TO (Timer 0 external 
input) 


P3.5 
T1 (Timer 1 external 
input) 


P3.6 
WR (external 
data memory write strobe) 


P3.7 
RD (external 
data memory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 


vice. 


inter 


ALE/PROG: 
Address 
Latch Enable output 
pulse for 
latching the low byte of the address during accesses 
to external 
memory. 
This 
pin is also 
the 
program 
pulse input (PROG) during EPROM 
programming. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate 
of 
1/6 
the 
oscillator 
frequency, 
and 
may 
be 
used for external 
timing or clocking 
purposes. 
Note, 


however, 
that one ALE pulse is skipped 
during each 
access 
to external 
Data Memory. 


PSEN: Program 
Store Enable 
is the Read strobe 
to 
External 
Program 
Memory. 


When 
the 8751 BH is executing 
code from external 
Program 
Memory, 
PSEN is activatod 
twice each ma- 
chine 
cycle, 
except 
that 
two 
PSEN 
activations 
are 
skipped 
during each access to Extl3rnal Data Memo- 
ry. 


EA/Vpp: 
External 
Access 
enable. 
EA 
must 
be 
strapped 
to Vss 
in order 
to enable 
the 
device 
to 
fetch code from External 
Program 
Memory locations 
OOOOHto OFFFH. Note, however, 
that if either of the 
Lock 
Bits 
are 
programmed, 
EA 
will 
be 
internally 
latched 
on reset. 


EA should 
be strapped 
to VCC for internal 
program 
executions. 


This pin also receives 
the 12.75V programming 
sup- 
ply voltage 
(Vpp) during EPROM 
programming. 


XTAL 1: Input to the inverting 
oscillator 
amplifier. 


XTAL2: 
Output 
from the inverting 
oscillator 
amplifi- 
er. 


XT AL 1 and XTAL2 are the input and output, 
respec- 
tively, of an inverting 
amplifier 
which 
can be config- 


ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 3. Either a quartz crystal or ceramic 
resonator 
may be used. More detailed 
information 
concerning 
the use of the on-chip 
oscillator 
is clvailable in Appli- 
cations 
Note AP-155, 
"Oscillators 
for Microcontral- 


lers." 


To drive the device 
from 
an external 
clock 
source, 


XTAL 1 should 
be grounded, 
while XTAL2 is driven, 


as shown 
in Figure 4. There are no requirements 
on 


the duty cycle of the external 
clock signal, since the 


input 
to the internal 
clocking 
circuitry 
is through 
a 


divide-by-two 
flip-flop, 
but 
minimum 
and 
maximum 


high and low times specified 
on the Data Sheet must 


be observed. 


XTAL 1 


vss 


EXTERNAL 
OSCILLATOR 
SIGNAL 


Exposure 
to light 
when 
the 
device 
is in operation 


may cause logic errors. For this reason, it is suggest- 
ed that an opaque 
label be placed 
over the window 


when the die is exposed 
to ambient 
light. 


inter 


Ambient 
Temperature 
Under Bil:IS .... 
O°C to + 70°C 


Storage Temperature 
,. - 65°C to + 150°C 


Voltage on EA/Vpp 
Pin to Vss 
-0.5V 
to + 13.0V 


Voltage on Any Other Pin to Vss, 
-0.5V 
to + 7V 


Power Dissipation 
, 
1.5W 
(based 
on PACKAGE 
heat transfer 
limitations, 
not 
device 
power consumption) 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
(Except EA) 
-0.5 
0.8 
V 


VIL1 
Input Low Voltage 
EA 
Vss 
0.7 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.5 
V 


(Except XTAL2, RST, EA) 


VIH1 
Input High Voltage XT AL2, RST 
2.5 
Vcc+0.5 
V 
XTAL1 = VSS 


VIH2 
Input High Voltage to EA 
4.5 
5.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA (Note 1) 
(Ports 1, 2 and 3) 


Vou 
Output Low Voltage 
0.45 
V 
IOL = 3.2 mA (Notes 1, 2) 
(Port 0, ALE/PROG, 
PSEN) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -80 
JJ-A 
(Ports 1, 2, 3, ALE/PROG 
and PSEN) 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -400 
JJ-A 
(Port 0 in External Bus Mode) 


IlL 
Logical 0 Input Curre,nt 
-1 
mA 
VIN = 0.45V 
(Ports 1, 2, 3 and RST) 


IIL1 
Logical 0 Input Curre,nt (EA) 
-10 
mA 
VIN = VSS 


IIL2 
Logical 0 Input Current (XTAL2) 
-3.2 
mA 
VIN = 0.45 V XTAL 1 = Vss 


III 
Input Leakage Current (Port 0) 
±10 
JJ-A 
0.45 < VIN < VCC 


IIH 
Logical 
1 Input Curre,nt (EA) 
1 
mA 
4.5V < VIN < 5.5V 


IIH1 
Input Current to RST 
500 
JJ-A 
VIN < (Vcc 
- 
1.5V) 
to Activate 
Reset 


Icc 
Power Supply Current 
175 
mA 
All Outputs 
Disconnected 


CIO 
Pin Capacitance 
10 
pF 
Test Freq = 1MHz 


NOTES: 
1. Capacitive 
IQading on Ports 0 an,j 2 may cause 
spurious 
noise 
pulses 
to be superimposed 
on the 
VOLS 
of ALE/PROG 
and Ports 1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these 
pins 
make 
1-10-0 transitions 
during 
bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100pFl, 
the noise pulse on the ALEI 
PROG pin may exceed o.av. In such cases 
it may be desirable 
to qualify ALE with a Schmitt 
Trigger, 
or use an address 
latch 
with a Schmitt 
Trigger 
STROBE 
input. 


2. ALE/PROG 
refers 
to a pin on the 8751 BH. ALE refers 
to a timing 
signal that is output 
on the ALE/PROG 
pin. 


inter 


A.C. CHARACTERISTICS 
(TA = O·C to + 70·C; Vcc = 5V ± 10%; VSS = OV); Load Capacitance 
for 


Port O.ALE/PAOG. 
and PSEN = 100 pF; Load Capacitance 
for All Other Outputs = 80 pF) 


Symbol 
Paramett!r 
12 MHzOsc 
Variable 
Oscillator 
Units 
Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
. 
3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid In~.truction In 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instruction 
In 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instruction 
In 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Addre~s Float 
20 
20 
ns 


TALAH 
AD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WA Pulse Width 
400 
6TCLCL-100 
ns 


TALDV 
AD Low to Valid Datel In 
252 
5TCLCL-165 
ns 


TAHDX 
Data Hold After AD 
0 
0 
ns 


TAHDZ 
Data Float After AD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to AD or WF~Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to AD or WA' Low 
203 
4TCLCL-130 
ns 


TOVWX 
Data Valid to WA Transition 
23 
TCLCL-60 
ns 


TOVWH 
Data Valid to WA High 
433 
7TCLCL-150 
ns 


TWHOX 
Data Held After WA 
33 
TCLCL-50 
ns 


TALAZ 
AD Low to Address 
Float 
0 
0 
ns 


TWHLH 
AD or WA High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


'I 
TRLRH 


TAVWL 
-TAVDV 


P2.0-P2.7 
OR A8-A 15 FROM DPH 
A8-A15 
FROM PCH 


270248-6 


A8-A 15 FROM PCH 


270248-7 


intJ 


Symbol 
Parameter 
12MHz Osc 
Variable 
Oscillator 
Units 
Min 
Max 
Min 
Max 


TXLXL 
Serial Port Clock Cyl;le Time 
1.0 
12TCLCL 
IJ-s 


TOVXH 
Output Data Setup to 
700 
1OTCLCL -133 
ns 
Clock Rising Edge 


TXHOX 
Output Data Hold After 
50 
2TCLCL-117 
ns 
Clock Rising Edgo 


TXHDX 
Input Data Hold After 
0 
0 
ns 
Clock Rising Edgo 


TXHDV 
Clock Rising Edge to 
700 
1OTCLCL -133 
ns 
Input Data Valid 


INSTRUCTION I 
0 
I 
1 
I 


ALE JL..fLll.Jl 


r-TXlXL-j 


CLOCK -----LJ 


~r_TXHQX 
c::::£JX 
1 
IX 
2 
X 
3 
j 
~rTXHDX 
TXHDV I: 


INPUT DATA 
@lAlIOVAlID 


OUTPUT DATA 


t 
WRITETO SBUF 


X 
4 
X 
5 
X 
6 
X 
7 
I 
t 
SET TI 


AllO 
AlIO 
AllO 


t 
SET RI 
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Symbol 
Parameter 
Min 
Max 
Units 


1/TClCl 
Oscillator 
Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low 
Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


To be programmed, 
the part mu.st be running with a 
4 to 
6 MHz 
oscillator. 
(The 
reason 
the 
oscillator 
needs to be running 
is that the internal 
bus is being 
used to transfer 
address and program 
data to appro- 
priate internal 
registers.) 
The address 
of an EPROM 
location 
to be programmed 
is applied 
to Port 1 and 
pins P2.0 - P2.3 of Port 2, while the code byte to be 
programmed 
into that 
location 
i:; applied 
to Port O. 


The other 
Port 2 and 3 pins, ard 
RST, PSEN, and 
EAlVpp 
should be held at the "Program" 
levels indi- 
cated 
in Table 
3. AlE/PROG 
is pulsed 
low to pro- 
gram the code 
byte into the addressed 
EPROM 
lo- 
cation. 
The setup is shown 
in Fi!lure 5. 


Normally 
EA~is 
held 
at a logic 
high~ntil 
just 
before 
AlE/PROG 
is to be pulsod. Then EAlVpp 
is 
raised 
to Vpp, AlE/PROG 
is pLllsed low, and then 
EAlVpp 
is returned 
to a valid high voltage. 
The volt- 
age on the EAlVpp 
pin must be at the valid EAlVpp 
high level before 
a verify 
is attempted. 
Waveforms 
and detailed 
timing specificatiom; 
are shown 
in later 
sections 
of this data sheet. 


Note that the EAlVpp 
pin must not be allowed 
to go 
above 
the 
maximum 
specified 
Vpp 
level 
for 
any 


2.4=X 
x= 


2,0 
2.0 


TEST POINTS 
0.8 
0.8 


O,4SV 
-------- 
270248-10 


AC inputs during testing are driven at 2.4V for a logic "1" and 
0.45V for a logic "0", Timing measurements are made at 2.0V for 
a logic "1" and 0.8V for a logic "0". 


amount of time. Even a narrow glitch above that volt- 
age level can cause 
permanent 
damage 
to the de- 


vice. The Vpp source 
should 
be well regulated 
and 


free of glitches. 


--+ P3.7 


XTAL 2 


XTAL 1 


vss 


MODE 
RST 
PSEN 
ALEI 
EAI 
P2.7 
P2.6 
P3.6 
P3.7 
PROG 
Vpp 


Program Code Data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Program Encryption 
Table 
1 
0 
O' 
Vpp 
1 
0 
0 
1 
Use Addresses 
0-1 FH 


Program Lock 
x=1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 
Bits (LBx) 
x=2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


NOTES: 
"1" = Valid high for that pin 
"0" = Valid low for that pin 
"Vpp" = +12.75V ±0.25V 
• ALE/PROG is pulsed low for 100 uS I'or programming. (Quick-Pulse Programming™) 


QUICK-PULSE 
PROGRAMIMINGTM 
ALGORITHM 


The 8751 BH can be programmed 
using the Quick- 


Pulse 
Programming 
Algorithm 
for microcontrollers. 


The features 
of the new programming 
method 
are a 
lower Vpp (12.75 volts as compared 
to 21 volts) and 
a shorter 
programming 
pulse. 
It is possible 
to pro- 
gram the entire 4K Bytes of EPROM memory 
in less 
than 13 seconds 
with this algorithm 


To program 
the part using the new algorithm, 
Vpp 
must 
be 12.75 
±0.25 
Volts. 
ALE/PROG 
is pulsed 
low for 100 p.seconds, 
25 times. Then, the byte just 
programmed 
may 
be verified. 
Aft,er programming, 
the 
entire 
array 
should 
be verified. 
The 
Program 
Lock 
features 
are 
programmed 
IJsing 
the 
same 
method, 
but with the setup as shown in Table 3. The 
only difference 
in programming 
Lock features 
is that 
the 
Lock 
features 
cannot 
be 
directly 
verified. 
In- 
stead, 
verification 
of programming 
is by observing 
that their features 
are enabled. 


If the Lock Bits have not been prog ammed, 
the on- 
chip Program 
Memory 
can be read out for verifica- 
tion purposes, 
if desired, 
either 
during 
or after 
the 
programming 
operation. 
The address of the Program 
Memory 
location 
to be read is applied 
to Port 1 and 
pins P2.0 - P2.3. The other 
pins should 
be held at 
the 
"Verify" 
levels 
indicated 
in Table 
3. The 
con- 


tents of the addressed 
location 
will come out on Port 


O. External 
pullups 
are required 
on Port 0 for this 


operation. 
(If the 
Encryption 
Array 
in the 
EPROM 


has been 
programmed, 
the data 
present 
at Port 0 


will be Code Data XNOR Encryption 
Data. The user 


must know the Encryption 
Array contents 
to manual- 


ly "unencrypt" 
the data during verify.) 


The setup, which 
is shown 
in Figure 6, is the same 


as for programming 
the EPROM except that pin P2.7 


is held at a logic low, or may be used as an active 
low read strobe. 


PGM 
DATA 


(USE 10K 
PULLUPS) 


inter 


The two-level 
Program 
Lock 
s'fstem 
consists 
of 2 
Lock bits and a 32-byte 
Encryption 
Array which 
are 
used to protect 
the program 
memory 
against 
soft- 
ware piracy. 


Within the EPROM 
array are 32 bytes of Encryption 
Array that are initially 
unprogrammed 
(all 1s). Every 
time that a byte is addressed 
during a verify, 
5 ad- 
dress lines are used to select 
a byte of the Encryp- 
tion 
Array. 
This 
byte 
is 
then 
exclusive-NORed 
(XNOR) 
with the code 
byte, creating 
an Encrypted 
Verify byte. The algorithm, 
with the array in the un- 
programmed 
state (all 1s), will return the code in its 
original, 
unmodified 
form. 


It is recommended 
that whenever 
the Encryption 
Ar- 
ray is used, 
at least 
one of th'9 Lock 
Bits be pro- 
grammed 
as well. 


Also included 
in the EPROM 
Pwgram 
Lock scheme 
are two Lock Bits which function 
as shown 
in Table 
4. 


Lock Bits 
Logic Enabled 
LB1 
LB2 


U 
U 
Minimum 
Pro~lram Lock features 
enabled. 
(Cooe Verify will still be 
encrypted 
by the Encryption 
Array) 


P 
U 
MOVC instructions 
executed 
from 
external 
program 
memory are 
disabled 
from fetching 
code bytes 
from internal memory, 
EA is 
sampled 
and latched on reset, 
and further pwgramming 
of the 
EPROM is disabled 


P 
P 
Same as above, but Verify is also 
disabled 


U 
P 
Reserved 
for Future Definition 


P = Programmed 
U = Unprogrammed 


Erasing the EPROM 
also erases 
the Encryption 
Ar- 


ray and the Lock 
Bits, returning 
the part to full un- 


locked 
functionality. 


To ensure 
proper functionality 
of the chip, the inter- 


nally latched 
value of the EA pin must agree with its 


external 
state. 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 


chip 
is exposed 
to 
light 
with 
wavelengths 
shorter 


than approximately 
4,000 Angstroms. 
Since sunlight 


and 
fluorescent 
lighting 
have 
wavelengths 
in this 


range, exposure 
to these 
light sources 
over an ex- 


tended 
time (about 
1 week in sunlight, 
or 3 years in 


room-level 
fluorescent 
lighting) could cause inadver- 


tent erasure. 
If an application 
subjects 
the device 
to 


this type of exposure, 
it is suggested 
that an opaque 


label be placed over the window. 


The 
recommended 
erasure 
procedure 
is exposure 


to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 


ed dose 
of at lease 
15 W-secl cm. 
Exposing 
the 


EPROM to an ultraviolet 
lamp of 12,000 ""W/cm 
rat- 


ing for 20 to 30 minutes, 
at a distance 
of about 
1 


inch, should be sufficient. 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


(TA = 21°C to 27°C, VCC = 5.0V 
±10%, 
VSS = OV) 


Symbol 
Pluameter 
Min 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


IPP 
Programming 
Supply Current 
50 
mA 


1/TClCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGl 
Address 
SEltup to PROG Low 
48TClCl 


TGHAX 
Address 
Hold After PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TClCL 


TGHDX 
Data Hold After PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup 
1.0 PROG Low 
10 
fLsec 


TGHSL 
Vpp Hold After PROG 
10 
fLsec 


TGLGH 
PROG Width 
90 
110 
fLsec 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TElQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float After ENABLE 
0 
48TCLCL 


TGHGl 
PROG High to PROG Low 
10 
fLsec 


PF:OGRAMMING 


S 


ADDRESS 


S 


TDVGL 


TAVGL 


TGHDX 


TGHAX 


-1 


inter 


8052BH 


SINGLE~-CHIP 8-BIT MICROCOMPUTER 


WITH FAC1'ORY MASK-PROGRAMMABLE 
ROM 
8032BH 


SINGLE-CHIP 8-BIT CONTROL-ORIENTED 


CPU WITH RAM AND I/O 


8032BH-ROMless 


8052BH·-8K Bytes of Factory Mask-Programmed ROM 


_ 
256 Bytes Data Ram 
_ 
Programmable Serial Channel 


_ 
Boolean Processor 
_ 
Separate Transmit/Receive 
Baud Rate 
_ 
32 Programmable 
110 Lines 
Capability 


_ 
Three 16.Bit Timer/Colllnters 
- 
64K External Program Memory Space 


_ 
6 Interrupt Sources 
- 
64K External Data Memory Space 


r---------- 
~~ 
Vss.,F 


Pm< 


AL~~ 


RST 


inter 


(T2) 
PLO 


(T2EX) 
PI. 1 


Pl.2 


P1.3 


Pl.4 


Pl.5 


Pl.6 


Pl.7 


RESET 


(RXO)' no 


(TXO) P3.1 


(INTO) 
P3.2 


(INTI) 
P3.3 


(TO) PH 


(TI) 
P3.5 


(ViR) 
PH 
(Rii) 
P3.7 


XTAl2 


XTAll 


Vss 


Vcc 


PO.O (AOO) 


PO.! (AD1) 


PO.2 (AD2) 


PO.3 (AD3) 


PO.4 (AD4) 


PO.5 (AD5) 


PO.6 (AD6) 


'0.7 
(AD7) 
:A 


I\LE 


PSEN 


1'2.7 
(AI5) 


1'2.6 
(AI4) 


1'2.5 
(AI3) 


1'2.4 
(AI2) 


1'2.3 
(All) 


1'2.2 
(Al0) 


f'2.1 
(A9) 


f2.0 
(AB) 
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Port 0: Port 0 is an a-bit open drain bidirectional 
I/O 
port. As an output 
port each pin can sink a LS TIL 
inputs. Port 0 pins that have 1s written to them float, 
and 
in that 
state 
can be used 
as high-impedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 
data bus during 
accesses 
to external 
Program 
and 
Data Memory. 
In this application 
it uses strong inter- 
nal pullups 
when 
emitting 
1s, and can source 
and 
sink a LS TIL 
inputs. 


Port 
1: Port 1 is an a-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 1 output 
buffers 
can sink/ 


source 
4 LS TIL 
inputs. 
Port 
1 pins that 
have 
1s 
written 
to them are pulled 
high by the internal 
pull- 
ups, and 
in that 
state 
can 
be used 
as inputs. 
As 
inputs, 
Port 
1 pins that 
are externally 
being 
pulled 
low will source 
current 
(IlL, on the 
data sheet) 
be- 
cause of the internal 
pullups. 


In addition, 
P1.0 and P1.1 serve the functions 
of the 
following 
special features 
of the MCS@-51 Family: 


Port Pin 
Alternate 
Function 


P1.0 
T2 (Timer/Counter 
2 External 
Input) 


P1.1 
T2EX (Timer/Counter 
2 


Capture/Reload 
Trigger) 


Port 2: Port 2 is an a-bit bidirectional 
ilo port with 
internal 
pullups. 
The Port 2 output 
buffers 
can sink/ 


source 
4 LS TIL 
inputs. 
Port 2 pins that 
have 
1s 


written 
to them 
are pulled 
high by the internal 
pull- 


ups, and 
in that 
state 
can 
be used 
as inputs. 
As 


inputs, 
Port 2 pins that 
are externally 
being 
pulled 


low will source 
current 
(IlL, on the data sheet) 
be- 


cause of the internal 
pull ups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 


fetches 
from 
external 
Program 
Memory 
and during 


accesses 
to external 
Data 
Memory 
that 
use 16-bit 


addresses 
(MOVX 
@DPTR). 
In this 
application 
it 


uses strong 
internal 
pullups 
when 
emitting 
1s. Dur- 


ing accesses 
to external 
Data Memory that use a-bit 


addresses 
(MOVX @Ri), Port 2 emits the contents 
of 


the P2 Special 
Function 
Register. 


Port 3: Port 3 is an a-bit bidirectional 
I/O 
port with 


internal 
pullups. 
The Port 3 output 
buffers 
can sink/ 
source 
4 LS TIL 
inputs. 
Port 3 pins that 
have 
1s 


written 
to them are pulled 
high by the internal 
pull- 
ups, and 
in that 
state 
can 
be used 
as inputs. 
As 
inputs, 
Port 3 pins that 
are externally 
being 
pulled 


low will source 
current 
(IlL, on the data 
sheet) 
be- 
cause of the pullups. 


Port 3 also serves 
the functions 
of various 
special 


features 
of the MCS®-51 
Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 


P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 
0) 


P3.3 
INT1 (external 
interrupt 
1) 


P3.4 
TO (Timer 0 external 
input) 


P3.5 
T1 (Timer 1 external 
input) 


P3.6 
WR (external 
data memory write strobe) 


P3.7 
RD (external 
data memory read strobe) 


inter 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 
vice. 


ALE: Address 
Latch Enable output pulse for latching 
the low byte of the address 
during accesses 
to ex- 


ternal 
memory. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate 
of 
1/6 
the 
oscillator 
freq Jency, 
and 
may 
be 
used for external 
timing or clocking 
purposes. 
Note, 


however, 
that one ALE pulse is skipped 
during each 
access 
to external 
Data Memory. 


PSEN: Program 
Store Enable 
is the Read strobe 
to 
External 
Program 
Memory. 


When 
the 
device 
is executing 
code 
from 
external 


Program 
Memory, 
PSEN is activated 
twice each ma- 


chine 
cycle, 
except 
that 
two PSEN 
activations 
are 


skipped 
during each access to External 
Data Memo- 


ry. 


EA: External Access enable. 
EA must be strapped 
to 
Vss in order to enable the device to fetch code from 
External 
Program 
Memory 
locations 
OOOOH to 
1FFFH. Note, however, 
that if either of the Lock Bits 
are programmed, 
EA will be internally 
latched 
on re- 


set. 


EA should 
be strapped 
to VCC for internal 
program 


executions. 


XTAL 1: Input to the inverting 
oscillator 
amplifier. 


XTAL2: 
Output 
from the inverting 
oscillator 
amplifi- 
er. 


XTAL 1 and XTAL2 are the inpul and output, 
respec- 
tively, of an inverting 
amplifier 
which 
can be config- 
ured for use as an on-chip 
oscillator, 
as shown 
in 


Figure 3. Either a quartz crystal or ceramic 
resonator 


may be used. More detailed 
information 
concerning 
the use of the on-chip 
oscillator 
is available 
in Appli- 


cations 
Note AP-155, 
"Oscillators 
for Microcontrol- 


lers." 


To drive the device 
from an external 
clock 
source, 


XTAL 1 should 
be grounded, 
while XTAL2 
is driven, 


as shown 
in Figure 4. There are no requirements 
on 


the duty cycle of the external 
clock signal, since the 


input 
to the 
internal 
clocking 
circuitry 
is through 
a 


divide-by-two 
flip-flop, 
but minimum 
and 
maximum 


high and low times specified 
on the Data Sheet must 


be observed. 


XTAL 1 


vss 


EXTERNAL 
OSCILLATOR 
SIGNAL 


inter 


Ambient 
Temperature 
Under Bias. 
, .. O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on EA Pin 
to VSS 
-- O.5V to + 13.0V 


Voltage 
on Any Other Pin to VSS .. 
. - O.5V to + 7V 


Power Dissipation 
1.5W 
(based 
on PACKAGE 
heat transfer 
limitations, 
not 
device 
power consumption) 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE- Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
(Exc'3pt EA) 
-0.5 
0.8 
V 


VIL1 
Input Low Voltage 
EA 
Vss 
0.7 
V 


VIH 
Input High Voltage 
2,0 
Vcc+0.5 
V 


(Except 
XT AL2, RST, EA) 


VIH1 
Input High Voltage 
XTAL2, 
RST 
2,5 
Vcc+0,5 
V 
XTAL1 = Vss 


VIH2 
Input High Voltage 
to EA 
4,5 
5.5 
V 


VOL 
Output 
LoY>'Voltage 
0.45 
V 
IOL = 1.6 mA (Note 1) 
(Ports 1, 2 and 3) 


VOl1 
Output 
Low Voltage 
0.45 
V 
IOL = 3.2 mA (Note 1) 
(Port 0, ALE, PSEN) 


VOH 
Output 
High Voltage 
2.4 
V 
IOH = -80 
f-LA 
(Ports 1, 2, 3, ALE and PSEN) 


VOH1 
Output 
High Voltage 
2.4 
V 
IOH = -400 
f-LA 
(Port 0 in Ex1ernal Bw, Mode) 


IlL 
Logical 0 Input Current 
-500 
f-LA 
VIN = 0.45 V 
(Ports 1, 2, 3 and RST) 


IIL1 
Logical 0 Input Current 
(EA) 
-10 
mA 
VIN = Vss 


500 
f-LA 


IIL2 
Logical 0 Input Current 
(XTAL2) 
-3.2 
mA 
VIN = 0.45V XTAL1 = Vss 


III 
input Leakage 
Current 
Wort 0) 
±10 
f-LA 
0.45 < VIN <Vcc 


IIH 
Logical 
1 Input Current 
(EA) 
1 
mA 
4.5V < VIN < 5.5V 


IIH1 
Input Current to RST 
500 
f-LA 
VIN < (Vcc-1.5V) 
to activate 
Reset 


Ice 
Power Supply Current 
175 
mA 
All Outputs 
Disconnected 


CIO 
Pin Capacitance 
10 
pF 
Testfreq 
= 1MHz 


NOTES: 
1. Capacitive 
loading 
on Ports 0 and 2 m.~y cause 
spurious 
noise pulses 
to be superimposed 
on the VOLS of ALE and Ports 
1 and 3. The noise 
is due to external 
bus, capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these 
pins make 
1- 
to-O transitions 
during 
bus operations. 
In lhe worst 
cases 
(capacitive 
loading> 
100 pF), the noise pulse on the ALE pin may 
exceed 
0,8V, In such cases 
it may be desirable 
to qualify 
ALE with a Schmitt 
Trigger, 
or use an address 
latch with a Schmitt 
Trigger 
STROBE 
input. 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a "T" 
(stands 
for time). 
The other 


characters, 
depending 
on their positions, 
stand 
for 


the 
name 
of a signal 
or the 
logical 
status 
of that 


signal. The following 
is a list of all the characters 
and 


what they stand for. 


P:PSEN. 
O:Output 
data. 


R:RD signal. 
T:Time. 
V:Valid. 
W:WR signal. 
X:No longer a valid logic level. 
Z:Float. 


A:Address. 
C:Clock. 
D:lnput 
data. 
H:Logic 
level HIGH. 
1:lnstruction 
(program 
memory 
contents). 


For example, 
TAVLL 
= Time from Address 
Valid to ALE Low. 


TLLPL 
= Time from ALE Low to PSEN Low. 


A.C. CHARACTERISTICS 
(TA = O°C to 70°C; Vcc = 5V ± 10%; Vss = OV); Load Capacitance 
for 
Port 0, ALE and PSEN = 100 pF; Load Capacitance 
for All Other Outputs = 80 pF) 


ADVANCE 
INFORMATION. 
Contact 
Intel for Design-In 
Information. 


EXTERNAL 
PROGRAM 
MEMORY 
CHARACTERISTICS 


Symbol 
Parameter 
12 MHzOsc 
Variable 
Oscillator 
Units 


Min 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instruction 
In 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSE~i Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Widt, 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instruction 
In 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instruction 
In 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Adc ress Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After R0 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
203 
4TCLCL-130 
ns 


TOVWX 
Data Valid to WR Transition 
23 
TCLCL-60 
ns 


TOVWH 
Data Valid to WR -Ugh 
433 
7TCLCL-150 
ns 


TWHOX 
Data Held After WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Addres,s Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


'I 
TRLRH 


TAVWL 
-TAVDV 


P2.0-P2.7 
OR A8-A 15 FROM DPH 


A 
- 


FROt.4 RI OR DPL 


TAVWL- 


X 
A_8_-_A_15_F_RO_M_P_C_H 
__ 


inter 


Symbol 
Parameter 
12MHzOsc 
Variable 
Oscillator 
Units 
Min 
Max 
Min 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
JJ-s 


TOVXH 
Output Data Setup to 
700 
1OTCLCL -133 
ns 
Clock Rising Edge 


TXHOX 
Output Data Hold After 
50 
2TCLCL-117 
ns 
Clock Rising Edge 


TXHDX 
Input Data Hold After 
0 
0 
ns 
Clock Rising Edge 


TXHDV 
Clock Rising EdgE)to 
700 
1OTCLCL -133 
ns 
Input Data Valid 


INSTRUCTIONI 
0 
I 
1 


ALEJUULJ 


r-TXLXL-j 


CLOCK-----L 


I TQVX~r-TXHQX 


OUTPUT DATA ----'C!L--o-'J)< 
1 
IX 
2 
X 
3 


t 
j 
-lrTXHDX 
WRITE TOSBUF 
TXHDVI: 


INPUT DATA 
Xi'AlID 
AUD 
AUD 


X 
4 
X 
5 
X 
6 
X 
7 
I 
I 


SET TI 


AUD 
AUD 
AUD 
AUD 
AUD 
I 
SET RI 


270192-8 


Symbol 
Parameter 
Min 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


The 
two-level 
Program 
Lock 
system 
consists 
of 2 
Lock bits and a 32-byte 
Encryption 
Array which 
are 
used to protect 
the program 
memory 
against 
soft- 
ware piracy. The following 
description 
applies to the 
8752BH. 
The same options 
are also available 
on the 
8052BH, 
mask-programmed 
at the factory. 


Within the EPROM 
array are 32 b)1es of Encryption 
Array that are initially 
unprogrammed 
(all 1s). Every 
time that a byte is addressed 
duri1g 
a verify, 
5 ad- 
dress lines are used to select 
a b)1e of the Encryp- 
tion 
Array. 
This 
byte 
is 
then 
exclusive-NORed 
(XNOR) 
with the code 
byte, creating 
an Encrypted 
Verify byte. The algorithm, 
with the array in the un- 
programmed 
state (all 1s), will return the code in its 
original, 
unmodified 
form. 


It is recommended 
that whenever 
the Encryption 
Ar- 
ray is used, 
at least 
one 
of the 
lock 
Bits be pro- 
grammed 
as well. 


Also included 
in the Program 
Lock scheme 
are two 
Lock Bits which function 
as shown 
in Table 
1. 


VI=>( 
)C 


2.0 
2.0 


0.8 
TEST POINTS 
O.~ 


0.45 
V 
---------- 
270192-10 
AC inputs during testing are driven at 2.4V for a logic "1" and 
0.45V for a logic "0". Timing measurements are made at 2.0V for 
a logic "1" and 0.8V for a logic "0". 


Lock Bits 
Logic Enabled 


LB1 
LB2 


U 
U 
Minimum 
Program Lock features 


enabled. 
(Code Verify will still be 


encrypted 
by the Encryption 


Array) 


P 
U 
MOVC instructions 
executed 
from 


external 
program 
memory are 


disabled 
from fetching 
code bytes 


from internal memory, 
EA is 


sampled 
and latched on reset, 


and further programming 
of the 


EPROM is disabled 


P 
P 
Same as above, but Verify is also 
disabled 


U 
P 
Reserved 
for Future Definition 


P = Programmed 
U = Unprogrammed 


To ensure 
proper functionality 
of the chip, the inter- 


nally latched 
value of the EA pin must agree with its 


external 
state. 


inter 
8752BH 


SINGLE-CHIP 8-BIT MICROCOMPUTER 
WITH 8K BYTES OF EPROM PROGRAM MEMORY 


• 
Program Memory Lock 


• 
256 Bytes Data Ram 
• 
Quick Pulse Programming™ 
Algorithm 


• 
12.75 Volt Programmln!1 Voltage 


• 
Boolean Processor 


• 
32 Programmable 110 Lines 


• 
Three 16-Blt Timer/Collinters 


• 
6 Interrupt Sources 
• 
Programmable Serial Channel 


• 
Separate Transmit/Receive 
Baud Rate 


Capability 


• 
64K External Program Memory Space 


• 
64K External Data Memory Space 


~ 
ALE/I'lml: 
O;/VPP 
RST 


,.---------- 
v~ 


Vss.r 


inter 


(T2) 
PLO 


(T2EX) 
Pl.l 


Pl.2 


PL3 


Pl.4 


Pl.5 


Pl.6 


PI.7 


RESET 


(RXO) 
P3.0 


(TXO) 
P3.1 


(INTO) 
P3.2 


(INll) 
P3.3 


(TO) 
P3.4 


(ll) 
P3.5 


(WR) 
P3.6 


(RD) 
P3.7 


XTAL2 


XTALI 
vSS 


vcc 
PO.O (ADO) 


PO.1 (AD1) 


PO.2 (AD2) 


PO.3 (AD3) 


PO.4 (AD4) 


PO.5 (ADS) 


PO.6 (AD6) 


PO.7 (AD7) 


EA/Vpp 


30 
ALE/PROG 


29 :J PSEN 


2B:J 
P2.7 
(A15) 


27 :J P2.6 
(A14) 


26 :J P2.5 
(A13) 


25 ::J P2.4 
(A12) 


24 ::J P2.3 
(A11) 


23 ::J P2.2 
(A10) 


22 ::J P2.1 
(A9) 


21 ::J P2.0 
(AB) 


Vss: Circuit ground. 


Port 0: Port 0 is an a-bit open drain bidirectional 
I/O 
port. As an output 
port each pin can sink a LS TTL 
inputs. Port 0 pins that have 1s written to them float, 
and 
in that 
state 
can 
be used 
a8 high-impedance 


inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during 
accesses 
to external 
Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pullups 
when 
emitting 
1s, and can source 
and 


sink a LS TTL inputs. 


Port 0 also receives 
the code bytes during 
EPROM 


programming, 
and 
outputs 
the 
code 
bytes 
during 


program 
verification. 
External 
pullups 
are required 


during program 
verification. 


Port 
1: Port 1 is an a-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 1 output 
buffers 
can sink/ 


source 
4 LS TTL 
inputs. 
port 
1 pins that 
have 
1s 
written 
to them 
are pulled 
high by the internal 
pull- 


ups, and 
in that 
state 
can 
be uSt3d as inputs. 
As 
inputs, 
Port 
1 pins that 
are exterr ally being 
pulled 
low will source 
current 
(IlL, on the data sheet) 
be- 


cause of the internal 
pullups. 


Port 
1 also 
receives 
the 
low-order 
address 
bytes 


during 
EPROM 
programming 
and program 
verifica- 
tion. 


In addition, 
P1.0 and P1.1 serve the functions 
of the 
following 
special 
features 
of the MCS@-51 Family: 


Port Pin 
Alternate 
Function 


P1.0 
T2 (Timer/Counter 
2 External 
Input) 


P1.1 
T2EX (Timer/Counter 
2 
Capture/Reload 
Trigger) 


Port 2: Port 2 is an a-bit bidirectional 
I/O 
port with 
internal 
pullups. The Port 2 output 
buffers 
can sink/ 


source 
4 LS TTL 
inputs. 
Port 2 pins that 
have 
1s 
written 
to them 
are pulled 
high by the internal 
pull- 


ups, and 
in that 
state 
can 
be used 
as inputs. 
As 


inputs, 
Port 2 pins that 
are externally 
being 
pulled 


low will source 
current 
(IlL, on the data sheet) 
be- 


cause of the internal 
pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 
fetches 
from 
external 
Program 
Memory 
and during 


accesses 
to external 
Data 
Memory 
that 
use 16-bit 


addresses 
(MOVX 
@DPTR). 
In this 
application 
it 


uses strong 
internal 
pullups 
when emitting 
1s. Dur- 


ing accesses 
to external 
Data Memory that use a-bit 


addresses 
(MOVX @Ri), Port 2 emits the contents 
of 


the P2 Special 
Function 
Register. 


Port 2 also receives 
the high-order 
address 
bits dur- 
ing EPROM 
programming 
and program 
verification. 


Port 3: Port 3 is an a-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 3 output 
buffers 
can sink/ 


source 
4 LS TTL 
inputs. 
Port 3 pins that 
have 
1s 
written 
to them are pulled 
high by the internal 
pull- 
ups, and 
in that 
state 
can 
be used 
as inputs. 
As 
inputs, 
Port 3 pins that 
are externally 
being 
pulled 


low will source 
current 
(IlL, on the data sheet) 
be- 
cause of the pull ups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the MCS@-51 Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 


P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 0) 


P3.3 
INT1 (external 
interrupt 
1) 


P3.4 
TO (Timer 0 external 
input) 


P3.5 
T1 (Timer 1 external 
input) 


P3.6 
WR (external 
data memory write strobe) 


P3.7 
RD (external 
data memory 
read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 
vice. 


inter 


ALE/PROG: 
Address 
Latch Enable output 
pulse for 
latching 
the low byte of the address 
during accesses 


to external 
memory. 
This 
pin is also 
the 
program 


pulse input (PROG) during EPROM programming 
on 


the 8752BH. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate 
of 
1/6 
the 
oscillator 
freqlJency, 
and 
may 
be 


used for external 
timing or clocf:ing 
purposes. 
Note, 


however, 
that one ALE pulse is skipped 
during each 


access 
to external 
Data Memory. 


PSEN: Program 
Store Enable 
is the Read strobe 
to 


External 
Program 
Memory. 


When 
the 
device 
is executing 
code 
from 
external 


Program 
Memory, 
PSEN is activated 
twice each ma- 


chine 
cycle, 
except 
that two ~)EN 
activations 
are 


skipped 
during each access to External 
Data Memo- 


ry. 


EA/Vpp: 
External 
Access 
enable. 
EA 
must 
be 


strapped 
to VSS in order 
to enable 
the 
device 
to 


fetch code from External 
Program Memory 
locations 


OOOOHto 1FFFH. Note, however, 
that if either of the 


Lock 
Bits 
are 
programmed, 
8\ will 
be 
internally 
latched 
on reset. 


EA should 
be strapped 
to VCC for internal 
program 


executions. 


This pin also receives 
the 12.75\1 programming 
sup- 


ply voltage 
(Vpp) during EPROM 
programming. 


XTAL2: 
Output 
from the inverting 
oscillator 
amplifi- 


er. 


XT AL 1 and XTAL2 are the input and output, 
respec- 
tively, of an inverting 
amplifier 
which 
can be config- 


ured for use as an on-chip 
osci lator, 
as shown 
in 


Figure 3. Either a quartz crystal or ceramic 
resonator 


may be used. More detailed 
information 
concerning 


the use of the on-chip 
oscillator 
is available 
in Appli- 


cations 
Note AP-155, 
"Oscillators 
for Microcontrol- 


lers." 


To drive the device 
from an external 
clock 
source, 


XTAL 1 should 
be grounded, 
while XT AL2 is driven, 


as shown in Figure 4. There are no requirements 
on 


the duty cycle of the external 
clock signal, since the 


input 
to the internal 
clocking 
circuitry 
is through 
a 


divide-by-two 
flip-flop, 
but minimum 
and 
maximum 


high and low times specified 
on the Data Sheet must 


be observed. 


XTAL 1 
vss 


EXTERNAL 
OSCILLATOR 
SIGNAL 


Exposure 
to light when the 8752BH 
is in operation 


may cause logic errors. For this reason, it is suggest- 
ed that an opaque 
label be placed 
over the window 


of the 8752BH 
when the die is exposed 
to ambient 


light. 
. 


Ambient 
Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage on EAlVpp 
Pin to VSS 
- O.5V to + 13.0V 


Voltage 
on Any Other Pin to VSS 
- O.5V to + 7V 


Power Dissipation. 
. . . . . . . . . . . .. 
. 
1.5W 
(based 
on PACKAGE 
heat transfer 
limitations, 
not 
device 
power consumption) 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parametur 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
(EXCE.ptEA) 
-0.5 
0.8 
V 


VIL1 
Input Low Voltage 
EA 
Vss 
0.7 
V 


VIH 
Input High Voltage 
2.0 
Vee+0.5 
V 


(Except 
XTAL2, 
RST, EAJ 


VIH1 
Input High Voltage 
XTAL2, 
RST 
2.5 
Vec+0.5 
V 
XTAL1 = Vss 


VIH2 
Input High Voltage 
to Eli 
4.5 
5.5 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL = 1.6 mA (Note 1) 


(Ports 1, 2 and 3) 


VOl1 
Output 
Low Voltage 
0.45 
V 
IOL = 3.2 mA (Note 1, 2) 
(Port 0, ALE/PROG, 
"FiSEN) 


VOH 
Output 
High Voltage 
2.4 
V 
IOH = -80 
!LA 
(Ports 1, 2, 3, ALE/PF 
OG and PSEN) 


VOH1 
Output 
High Voltage 
2.4 
V 
'OH = - 400 !LA 
(Port 0 in External 
BU~iMode) 


IlL 
Logical 0 Input Current 
-500 
!LA 
VIN = 0.45V 


(Ports 1, 2, 3 and RST) 


IIL1 
Logical 0 Input Current 
(i=A) 
-10 
mA 
VIN = Vss 


500 
!LA 


IIL2 
Logical 0 Input Current 
(XTAL2) 
-3.2 
mA 
VIN = 0.45V XTAL 1 = Vss 


'll 
Input Leakage 
Current 
(port 0) 
±10 
!LA 
0.45 < VIN < Vee 


IIH 
Logical 
1 Input Current 
(i=A) 
1 
mA 
4.5V < VIN < 5.5V 


"H1 
Input Current to RST 
500 
!LA 
VIN < (Vee 
- 
1.5V) 
to activate 
Reset 


Ice 
Power Supply Current 
175 
mA 
All Outputs 
Disconnected 


C,O 
Pin Capacitance 
10 
pF 
Test freq = 1 MHz 


NOTES: 
1. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise 
pulses 
to be superimposed 
on the VOLS of ALE/PROG 
and Ports 
1 and 3. The noise is due to llxternal 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when these 
pins 
make 
1-to-0 
transitions 
during 
bus operations. 
In the worst 
cases 
(capacitive 
loading 
> 100 pF), the 
noise 
pulse 
on the 
ALE/PROG 
pin may exceed 
0.8V. In su,:h cases 
it may be desirable 
to qualify ALE with a Schmitt 
Trigger, 
or use an address 
latch with a Schmitt 
Trigger 
STROBE 
input. 


2. ALE/PROG 
refers 
to a pin on the deiice. 
ALE refers 
to a timing 
signal that is output 
on the ALE/PROG 
pin. 


Each timing symbol 
has 5 chare.cters. The first char- 
acter 
is always 
a 'T' 
(stands 
'Ior time). 
The 
other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


r-:r-'::>~I'I 
Q:Output 
data 
R:RD signal 
T:Time 
V:Valid 
W:WR signal 
X:No longer a valid logic level 
Z:Float 


AAddress 
C:Clock 
D:lnput 
Data 
H:Logic 
level HIGH 
1:lnstruction 
(program 
memory 
contents) 


TAVLL 
= Time from Address 
Valid to ALE Low. 


TLLPL 
= Time from ALE Low to PSEN Low. 


A.C. CHARACTERISTICS 
(TA = O·C to + 70·C; VCC = 5V ± 10%; VSS = OV); Load Capacitance 
for 
Port 0, ALE/PROG, 
and PSEN 
,= 100 pF; Load Capacitance 
for All Other Outputs 
= 80 pF) 


Symbol 
Parameter 
12 MHzOsc 
Variable 
Oscillator 
Units 
Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instruction 
In 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN l.ow 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid 
nstruction 
In 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float Aftm 
PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instruction 
In 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
203 
4TCLCL-130 
ns 


TOVWX 
Data Valid to WR Tr,~nsition 
23 
TCLCL-60 
ns 


TOVWH 
Data Valid to WR Hiqh 
433 
7TCLCL-150 
ns 


TWHOX 
Data Held After WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 


TWHLH 
RD or WR High to A _E High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


inter 


'I 
TRLRH 


AQ-A7 
FROM RI 011 DPL 


TAVWL· 


- TAVDV 


P2.0-P2.7 
OR AB-A 15 FROM DPH 
AB-A 15 FROM PCH 


270429-6 


FROMRI OR OPL 


TAVWL· 


TQVWH 


DATA OUT 


AB-A 15 FROM PCH 


270429-7 


inter 


Symbol 
Parameter 
12 MHz Osc 
Variable 
Oscillator 
Units 


Min 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
JLS 


TOVXH 
Output Data Setup to 
700 
1OTCLCL -133 
ns 
Clock Rising Ed~le 


TXHOX 
Output Data Hold Jlfter 
50 
2TCLCL-117 
ns 
Clock Rising Ed,~e 


TXHDX 
Input Data Hold After 
0 
0 
ns 
Clock Rising Ed!~e 


TXHDV 
Clock Rising Edge to 
700 
1OTCLCL - 133 
ns 
Input Data Valid 


INSTRUCTIONI 
0 
I 
1 


ALE ..Il..Il.ILJ 


j-TXLXL--j 


CLOCK---L 


I TQVXI!.j r-TXHQX 


OUTPUT DATA----c::I--o-':::IX 
1 
IX 
2 
X 
:3 
X 
4 
X 
5 
X 
t 
j 
-lrTXHDX 


WRITE TO SBUF 
TXHDVt 


INPUT DATA 
~ 
AUD 
VAUD 


6 
X 
7 
/ 


t 
SET TI 


t 
SET RI 


270429-6 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TClCl 
Oscillator Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


Table 1 shows the logic levels for programming the 
Program Memory, the Encryption Table, and the 
lock Bits and for reading the signature bytes. 


To be programmed, the 8752BH must be running 
with a 4 to 6 MHz oscillator. (The r<3asonthe oscilla- 
tor needs to be running is that the internal bus is 
being used to transfer address and program data to 
appropriate internal registers.) The address of an 
EPROM location to be programmed is applied to 
Port 1 and pins P2.0 • P2.4 of Port 2, while the code 
byte to be programmed into that location is applied 
to Port O. The other Port 2 and :l pins, and RST, 
PSEN, and EAlVpp should be held at the "Pro- 


r; 


4-6MHz 0 
1 
L: 
XTAL 
1 


vss 


2.4=X 
)C 


2.0 
2.0 


TEST POINTS 
0.8 
0.8 


0.45V 
-------- 


270429-'0 


AC inputs during testing are driven at 2.4V for a logic "," 
and 
0.45V for a logic "0". Timing measurements are made at 2.0V for 
a logic "," 
and 0.8V for a logic "0". 


gram" levels indicated in Table 1. AlE/PROG 
is 


pulsed low to program the code byte into the ad- 
dressed EPROM location. The setup is shown in Fig- 
ure 5. 


Normally EA~is 
held at a logic high....!:!.ntiljust 


before AlE/PROG 
is to be pulsed. Then EAlVpp is 


raised to Vpp, AlE/PROG 
is pulsed low, and then 


EAlVpp is returned to a valid high voltage. The volt- 
age on the EAlVpp pin must be at the valid EAlVpp 
high level before a verify is attempted. Waveforms 
and detailed timing specifications are shown in later 
sections of this data sheet. 


Note that the EAlVpp pin must not be allowed to go 
above the maximum specified Vpp level for any 
amount of time. Even a narrow glitch above that volt- 
age level can cause permanent damage to the de- 
vice. The Vpp source should be well regulated and 
free of glitches. 


rA/Vpp 


"LE/~ 


inter 


MODE 
RST 
PSEN 
ALEI 
EAI 
P2.7 
P2.6 
P3.6 
P3.7 
PROG 
Vpp 


Program Code Data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Program Encryption 
Table 
1 
0 
O· 
Vpp 
1 
0 
0 
1 


Use Addresses 
0-1 FH 


Program Lock 
x=1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


Bits (LBx) 
x=2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


NOTES: 
"1" = Valid high for that pin 
"0" = Valid low for that pin 
"Vpp" = + 12.75V ±0.25V 
·ALE/PROG is pulsed low for 100 LIS for programming. (Quick-Pulse Programming™) 


QUICK-PULSE 
PROGR'~MMINGTM 


ALGORITHM 


The 8752BH 
can be programmed 
using the Quick- 


Pulse 
Programming™ 
Algorithm 
for 
microcontrol- 


lers. The features 
of the new programming 
method 


are a lower 
Vpp 
(12.75 
volts 
as compared 
to 21 


volts) 
and a shorter 
programming 
pulse. 
It is possi- 
ble to program 
the entire 8K Bytes of EPROM mem- 


ory in less than 25 seconds 
with this algorithm! 


To program 
the part using the new algorithm, 
Vpp 
must 
be 12.75 
±0.25 
Volts. 
ALE/PROG 
is pulsed 


low for 100 /Lseconds, 
25 times as shown 
in Figure 


6. Then, the byte just programmed 
may be verified. 
After 
programming, 
the entire 
array should 
be veri- 


fied. 
The 
Program 
Lock 
featums 
are programmed 


using the same method, 
but with the setup as shown 
in Table 1. The only difference 
in programming 
Lock 


features 
is that the Lock features 
cannot 
be directly 


verified. 
Instead, 
verification 
of programming 
is by 


observing 
that their features 
are enabled. 


If the Lock Bits have not been programmed, 
the on- 


chip Program 
Memory 
can be read out for verifica- 


tion 
purposes, 
if desired, 
either 
during 
or after 
the 
programming 
operation. 
The address of the Program 
Memory 
location 
to be read is applied 
to Port 1 and 


pins P2.0 - P2.4. The other 
pins should 
be held at 


the 
"Verify" 
levels 
indicated 
in Table 
1. The 
con- 


tents of the addressed 
location 
will come out on Port 


O. External 
pullups 
are required 
on Port 0 for this 


operation. 
(If the 
Encryption 
Array 
in the 
EPROM 


has been 
programmed, 
the data present 
at Port 0 


will be Code Data XNOR 
Encryption 
Data. The user 


must know the Encryption 
Array contents 
to manual- 


ly "unencrypt" 
the data during verify.) 


The setup, which 
is shown 
in Figure 7, is the same 


as for programming 
the EPROM except that pin P2.7 


is held at a logic low, or may be used as an active 
low read strobe. 


1 I' 
25 
PULSES 
, I 


A~E/PROG'---oWil--- --~ 
'-----' 


1 
"-. 
10j'. 
1.4IN 1 I' 
~~~p:'I 


ALE/PROG,---l 
n... 
n 
_ 


The two-level 
Program 
Lock 
systElm consists 
of 2 


Lock bits and a 32-byte 
Encryption 
Array which 
are 


used to protect 
the program 
memory 
against 
soft- 


ware piracy. 


Within the EPROM 
array are 32 bytes of Encryption 


Array that are initially 
unprogrammed 
(all 1s). Every 


time that a byte is addressed 
during a verify, 
5 ad- 


dress lines are used to select 
a byte of the Encryp- 


tion 
Array. 
This 
byte 
is 
then 
Elxclusive-NORed 


(XNOR) 
with the code 
byte, creating 
an Encrypted 


Verify byte. The algorithm, 
with the array in the un- 


programmed 
state (all 1s), will return the code in its 


original, 
unmodified 
form. 


It is recommended 
that whenever 
tile Encryption 
Ar- 


ray is used, 
at least 
one of the 
Lock 
Bits be pro- 


grammed 
as well. 


Also included 
in the EPROM 
Program 
Lock scheme 


are two Lock Bits which function 
as shown 
in Table 


2. 


Erasing the EPROM 
also erases 
the Encryption 
Ar- 
ray and the Lock 
Bits, returning 
th,e part to full un- 


locked 
functionality. 


To ensure 
proper functionality 
of the chip, the inter- 


nally latched 
value of the EA pin must agree with its 


external 
state. 


Lock Bits 
Logic Enabled 


LB1 
LB2 


U 
U 
Minimum 
Program Lock features 


enabled. 
(Code Verify will still be 


encrypted 
by the Encryption 


Array) 


P 
U 
MOVC instructions 
executed 
from 


external 
program 
memory are 


disabled 
from fetching 
code bytes 


from internal memory, 
EA is 


sampled 
and latched on reset, 


and further programming 
of the 


EPROM is disabled 


P 
P 
Same as above, but Verify is also 
disabled 


U 
P 
Reserved 
for Future Definition 


P = Programmed 
U = Unprogrammed 


The signature 
bytes are read by the same procedure 


as a normal verification 
of locations 
030H and 031 H, 


except 
that 
P3.6 and 
P3.7 need 
to be pulled 
to a 


logic low. The values 
returned 
are: 


(030H) 
= 86H indicates 
manufactured 
by Intel 


(031 H) = 52H indicates 
8752BH 


inter 


this type of exposure, 
it is suggested 
that an opaque 
label be placed 
over the window. 
Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 
8752BH 
is exposed 
to light with wavelengths 
shorter 


than approximately 
4,000 Angstroms. 
Since sunlight 
and 
fluorescent 
lighting 
have 
wavelengths 
in this 
range, exposure 
to these 
light sources 
over an ex- 
tended 
time (about 
1 week in sunlight, or 3 years in 


room-level 
fluorescent 
lighting) could cause inadver- 


tent erasure. 
If an application 
subjects 
the device to 


The 
recommended 
erasure 
procedure 
is exposure 
to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 
ed dose 
of at lease 
15 W-sec/cm. 
Exposing 
the 
EPROM to an ultraviolet 
lamp of 12,000 J-tW/cm rat- 


ing for 30 minutes, 
at a distance 
of about 
1 inch, 


should 
be sufficient. 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


(TA = 21°C to 2rc, 
Vcc 
= 5.0V 
±10%, 
Vss = OV) 


Symbol 
Parameter 
Min 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming 
Supply Current 
50 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold After PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold After PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
J-ts 


TGHSL 
Vpp Hold After PROG 
10 
J-ts 


TGLGH 
PROG Width 
90 
110 
J-ts 


TAVQV 
Addres~, to Data Valid 
48TCLCL 


TELQV 
ENABU~ Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float After ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
J-ts 


TELOVl 


SOCs,1BH/SOC51 BH-1/SOC51 BH-2 
CHMOS SINGLE-CHIP S-BIT MICROCOMPUTER 
WITH FACTORY MASK-PROGRAMMABLE 
ROM 


SOC31BH/SOC31 BH-1/SOC31 BH-2 
CHMOS SINGLE-CHIP S-BIT CONTROL-ORIENTED 


CPU WITH RAM AND I/O 


80C51BH/80C31BH-3.5 
to 12 MHz, Vcc = 5V ± 20% 


80C51BH-1/80C31BH-1-3.5 
to 16 MHz, Vcc = 5V ±20% 


80C51 BH-2180C31 
BH-2-Q.5 
to 12 MHz, Vcc = 5V ± 20% 


_ 
Power 
Control 
Modes 
_ 
High Performance 
CHMOS 
Process 


_ 
128 x 8-Bit RAM 
_ 
Boolean 
Processor 


_ 
32 Programmable 
I/O Lilnes 
_ 
5 Interrupt 
Sources 


_ 
Two 
16-Bit Timer/Counters 
_ 
Programmable 
Serial Port 


_ 
64K Program 
Memory 
Space 
_ 
64K Data Memory 
Space 


The MCS@-51 CHMOS 
products 
are fabricated 
on Intel's CHMOS 
III process 
and are functionally 
compatible 
with the standard 
MCS-51 HMOS and EPROM products. 
CHMOS 
III is a technology 
which combines 
the high 
speed 
and density 
characteristics 
of HMOS with the low power 
attributes 
of CHMOS. 
This combination 
ex- 
pands the effectiveness 
of the powerful 
MCS-51 architecture 
and instruction 
set. 


Like the MCS-51 HMOS versions, 
the MCS-51 CHMOS 
products 
have the following 
features: 
4K byte of ROM 


(80C51BH/80C51BH-1/80C51BH-2 
only); 128 bytes of RAM; 32 I/O lines; two 16-bit timer/counters; 
a five- 
source 
two-level 
interrupt 
structure; 
a full duplex 
serial 
port; 
and 
on-chip 
oscillator 
and clock 
circuitry. 
In 
addition, 
the MCS-51 
CHMOS 
products 
have two software 
selectable 
modes 
of reduced 
activity 
for further 


power reduction-Idle 
and Power Down. 


The Idle mode freezes 
the CPU while allowing 
the RAM, timer/counters 
serial port and interrupt 
system 
to 


continue 
functioning. 
The Power 
Down mode saves the RAM contents 
but freezes 
the oscillator, 
causing 
all 
other chip functions 
to be inoperative. 


I 
.r"'-l 
_ 
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r 
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r 


inter 


In the Idle mode, the CPU puts itself to sleep while 
all the on chip peripherals 
stay active. 
The instruc- 
tion that invokes 
the Idle mode is the last instruction 


executed 
in the normal 
operating 
mode before 
Idle 


mode is activated. 
The content 
of CPU, the on chip 


RAM, and all the Special 
Function 
Registers 
remain 


intact during this mode. The Idle mode can be termi- 
nated either by any enabled 
interrupt, 
at which time 


the process 
is picked up at the interrupt 
service 
rou- 
tine 
and 
continued, 
or by a hardware 
reset 
which 


starts the processor 
the same as a power on reset. 


In the Power 
Down 
mode the oscillator 
is stopped, 
and the instruction 
that invokes 
Power 
Down is the 


last 
instruction 
executed. 
The 
on-chip 
RAM 
and 


Special 
Function 
Registers 
retain 
their values 
until 


the Power 
Down mode is terminated. 


The only exit from Power Down is a hardware 
reset. 


Reset 
redefines 
the SFRs but does not change 
the 


on-chip 
RAM. The reset should 
not be activated 
be- 
fore Vcc is restored 
to its normal operating 
level and 


must be held active long enough to allow the oscilla- 
tor to restart 
and stabilize. 


The control 
bits for the reduced 
power modes are in 


the Special 
Function 
Register 
PCON. 


NOTE: 


For 
more 
detailed 
information 
on 
these 
reduced 


power 
modes 
refer 
to 
Application 
Note 
AP-252, 
"Designing 
with the 80C51 BH". 


Supply voltage 
during normal, 
Idle, and Power Down 


operations. 


Port 0 is an 8-bit open drain bi-directional 
I/O 
port. 


Port 0 pins that have 1's written to them float, and in 
that state can be used as high-impedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during 
accesses 
to external 
Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pullups when emitting 
1s. Port 0 also outputs the 
code 
bytes 
during 
program 
verification 
in 
the 


80C51 BH. External 
pullups 
are required 
during pro- 


gram verification. 


Port 1 is an 8-bit bidirectional 
I/O 
port with internal 


pullups. 
Port 1 pins that have 1s written 
to them are 


pulled high by the internal 
pullups, 
and in that state 
can be used as inputs. As inputs, Port 1 pins that are 
externally 
being 
pulled 
low will source 
current 
(Ill, 


on the data sheet) 
because 
of the internal 
pullups. 


Port 2 is an 8-bit bidirectional 
I/O 
port with internal 


pullups. 
Port 2 pins that have 1s written 
to them are 


pulled high by the internal 
pull ups, and in that state 


can be used as inputs. As inputs, Port 2 pins that are 
externally 
being 
pulled 
low will source 
current 
(Ill, 


on the data sheet) 
because 
of the internal 
pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 


fetches 
from 
external 
Program 
Memory 
and during 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


Pl.0 
Pl.l 


Pl.2 
P103 
P104 


Pl.5 
P1.I 


Pl.7 
liST 


P3.0/IIXO 
P3.1/TXO 
P3.21iNfli 


P3.3INT1 


P3.4/TO 
P3.5/T1 
P3.61W1I 
P3.7/AD 


XTAL2 


XTALI 


VSS 


VCC 
PO.O 


PO.l 
PO.2 
PO.3 


PO.4 
PO.5 


PO.6 
PO.7 
EA 
ALE 
PSEN 


P2.7 


P2.6 
P2.5 
P2.4 
P2.3 
P2.2 
P2.1 


P2.0 


INDEX 
CORNEll 
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Pad 


accesses 
to external 
Data 
Memory 
that 
use 16-bit 


addresses 
(MOVX 
@DPTR). 
In this 
application 
it 


uses strong 
internal 
pullups 
when 
emitting 
1s. Dur- 


ing accesses 
to external 
Data Memory that use a-bit 


addresses 
(MOVX @Ri), Port 2 emits the contents 
of 


the P2 Special 
Function 
Register. 


Pin 
Diagrams 
are for pin reference 
only. 
Package 
sizes are nollo scale. 


Port 3 is an a-bit bidirectional 
I/O port with internal 


pullups. 
Port 3 pins that have 1s written 
to them are 


pulled 
high by the internal 
pullups, 
and in that state 


can be used as inputs. As inputs, Port 3 pins that are 
externally 
being 
pulled 
low will source 
current 
(ilL, 
on the data sheet) 
because 
of the pullups. 


Port 3 also serves 
the functions 
of various 
special 


features 
of the MCS-51 
Family, as listed below: 


Port Pin 


P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 


Alternate Function 


RXD (serial input port) 
TXD (serial output port) 
INTO (external 
interrupt 
0) 
INT1 (external 
interrupt 
1) 


TO (Timer 0 external 
input) 


T1 (Timer 1 external 
input) 


WR (external 
data memory write 


strobe) 
RD (external 
data memory read 


strobe) 


Reset 
input. A high on this pin for two machine 
cy- 


cles while the oscillator 
is running 
resets the device. 


An internal 
diffused 
resistor 
to Vss 
permits 
Power- 


On reset using only an external 
capacitor 
to Vcc. 


Address 
Latch 
Enable 
output 
pulse for latching 
the 


low byte of the address 
during accesses 
to external 


memory. 


In normal 
operation 
ALE 
is emitted 
at a constant 


rate 
of 
1/6 
the 
oscillator 
frequency, 
and 
may 
be 


used for external 
timing or clocking 
purposes. 
Note, 


however, 
that one ALE pulse is skipped 
during each 


access 
to external 
Data Memory. 


Program 
Store Enable is the read strobe to external 


Program 
Memory. 


intJ 


When the 80C51 BH is executing 
code from external 


Program 
Memory, 
PSEN is activated 
twice each ma- 
chine 
cycle, 
except 
that 
two 
PSEN activations 
are 


skipped 
during each access 
to external 
Data Memo- 


ry. PSEN is not activated 
during fetches 
from inter- 


nal program 
memory. 


External 
Access 
enable. 
EA must 
be strapped 
to 


VSS in order to enable the device to fetch code from 
external 
Program 
Memory 
locations 
OOOOH to 


OFFFH. If EA is strapped 
to Vcc the device executes 


from 
internal 
Program 
Memory 
unless 
the program 


counter 
contains 
an address 
greater 
than OFFFH. 


Input to the inverting 
oscillator 
amplifier 
and input to 


the internal 
clock generator 
circuits. 


XTAL 1 and XT AL2 are the input and output, 
respec- 


tively, of an inverting 
amplifier 
which 
can be config- 


ured for use as an on-chip 
oscillator, 
as shown 
in 


Figure 
3. More detailed 
information 
concerning 
the 


use of the on-chip 
oscillator 
is available 
in Applica- 


tion Note AP-155, 
"Oscillator 
for Microcontrollers". 


To drive the device 
from 
an external 
clock 
source, 


XT AL 1 should 
be driven, while XTAL2 
is left uncon- 


nected, 
as shown 
in Figure 4. There 
are no require- 


ments on the duty cycle of the external 
clock signal, 


since 
the 
input 
to the 
internal 
clocking 
circuitry 
is 


through 
a divide-by-two 
flip-flop, 
but minimum 
and 


maximum 
high and low times specified 
on the Data 


Sheet must be observed. 


Design Considerations 
• 
At power 
on, the voltage 
on Vcc 
and RST must 


come 
up at the same time for a proper 
start-up. 


• 
Before 
entering 
the Power 
Down 
mode the con- 


tents of the Carry Bit and B.7 must be equal. 


• 
When the Idle mode is terminated 
by a hardware 


reset, the device 
normally 
resumes 
program 
exe- 


cution, 
from where 
it left off, up to two machine 


cycles 
before 
the internal 
reset 
algorithm 
takes 


control. 
On-chip hardware 
inhibits access to inter- 


nal RAM in this event, but access 
to the port pins 


is not inhibited. 
To eliminate 
the possibility 
of an 


unexpected 
write 
when 
Idle is terminated 
by re- 


set, the instruction 
following 
the one that invokes 


Idle should 
not be one that writes to a port pin or 


to external 
memory. 


EXTERNAL 
OSCILLATOR 
SIGNAL 


Ambient 
Temperature 
Under Bias .... 
o'e to + 70'e 


Storage Temperature 
- 65'e 
to + 150'e 


Voltage 
on any 
Pin to VSS' 
-O.5Vto 
VCC +O.5V 


Voltage 
on VCC to VSS 
- O.5V to 6.5V 


Power Dissipation 
1.0W· 


'This 
value 
is based 
on the maximum 
allowable 
die temperature 
and 


the thermal 
resistance 
of the package. 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Min 
Typ(3) 
Max 
Unit 
Test 
Conditions 


VIL 
Input Low Voltage 
-0.5 
0.2Vee 
-0.1 
V 


(ExceptEA) 


VIL1 
Input Low Voltage 
(EA) 
-0.5 
0.2Vee 
- 
0.3 
V 


VIH 
Input High Voltage 
0.2Vee 
+ 0.9 
Vee + 0.5 
V 


(Except 
XT AL 1, RST) 


VIH1 
Input High Voltage 
0.7Vee 
Vee + 0.5 
V 


(XT AL 1, RST) 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL = 1.6mA(1) 


(Ports 1, 2, 3) 


VOL1 
Output 
Low Voltage 
0.45 
V 
IOL = 3.2 mA (1) 


(Port 0, ALE, PSEN) 


VOH 
Output 
High Voltage 
2.4 
V 
IOH = -60 
!-LAVee = 5V ± 10% 


(Ports 1, 2, 3, ALE, PSEN) 
0.75 Vee 
V 
IOH = -25 
!-LA 


0.9Vee 
V 
IOH = -10 
!-LA 


VOH1 
Output 
High Voltage 
2.4 
V 
IOH = -800 
!-LAVee = 5V ± 10% 


(Port 0 in Ex1ernal Bus 
0.75Vee 
V 
IOH = -300 
!-LA 
Mode) 


0.9Vee 
V 
IOH = -80 
!-LA(2) 


IlL 
Logical 0 Input Current 
-50 
!-LA 
VIN = 0.45V 


(Ports 1, 2, 3) 


ITL 
Logical 
1 to 0 Transition 
-650 
!-LA 
VIN = 2V 


Current 
(Ports 1, 2, 3) 


III 
Input Leakage 
Current 
±10 
!-LA 
0.45 < VIN < Vee 
(PortO, 
EA) 


RRST 
Reset Pulldown 
Resistor 
50 
150 
KO 


CIO 
Pin Capacitance 
10 
pF 
Test Freq = 1 MHz, TA = 25'C 


Ice 
Power Supply Current: 


Active 
Mode, 12 MHz (4) 
11 
20 
mA 


Idle Mode, 12 MHz (4) 
1.7 
5 
mA 
(5) 


Power Down Mode 
5 
50 
!-LA 


NOTES: 
1. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VOLS of ALE and Ports 
1 and 3. The noise 
is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these 
pins make 
1- 
to-O transitions 
during bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100 pF), the noise pulse on the ALE line may 
exceed o.av. In such cases 
it may be desirable 
to qualify ALE with a Schmitt 
Trigger, 
or use an address 
latch with a Schmitt 
Trigger 
STROBE 
input. 


2. Capacitive 
loading 
on 
Ports 
0 and 
2 may cause 
the 
VOH on ALE 
and 
PSEN 
to 
momentarily 
fall 
below 
the 
0.9 Vee 
specification 
when 
the address 
bits are stabilizing. 
3. "Typicals" 
are based 
on a limited 
number 
of samples 
taken 
from 
early manufacturing 
lots and are not guaranteed. 
The 
values 
listed are at room temperature, 
5V. 
4. ICCMAX 
at other 
frequencies 
is given by 


Active 
Mode: 
ICCMAX 
= 1.47 x FREQ + 2.35 


Idle Mode: 
ICCMAX 
= 0.33 x FREQ + 1.05 


where 
FREQ is the ex1ernal oscillator 
frequency 
in MHz. ICCMAX 
is given in mA. See Figure 5. 
5. See Figures 
6 through 
9 for Ice test conditions. 


XTAL2 
XTAL1 
Vss 


TYP(3) 
ACTIVE MODE 


TYP(3) 
IDLE MODE 


4MHz 
8MHz 
12MHz 
16MHz 


FREO AT XTAL 1 


Figure 7. lee Test Condition, Idle Mode. 


All other pins are disconnected. 


Figure 5. lee vs. Frequency. 


Valid only within frequency specifications 
of 


the device under test. 


Vcc 


ICCI 


+ 
vcc 
vcc 


PO 


RST 
EA 


XTAL2 
XTAL1 
vss 


Figure 6. lee Test Condition, Active Mode. 


All other pins are disconnected. 


VCC-0.5· 
•••••• 
0.7 VCC 
0.45V 
0.2 VCC-0.1 
TCHCL 


PO 


RST 
EA 


XTAL2 
XTALl 
VSS 


P: PSEN. 
Q: Output 
data. 
A: 
AD signal. 


T: 
Time. 
V: Valid. 
W: WA signal. 
X: 
No longer a valid logic level. 


Z: 
Float. 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A: Address. 
C: Clock. 
D: Input data. 
H: Logic level HIGH. 
I: 
Instruction 
(program 
memory 
contents). 
L: 
Logic level LOW, or ALE. 


TAVLL 
= Time for Address 
Valid to ALE Low. 


TLLPL 
= Time for ALE Low to PSEN Low. 


inter 


A.C. CHARACTERISTICS 
(TA = O·C to 70·C, vcc 
= 5V ±20%, 
vss 
= OV. Load Capacitance 
for Port O. ALE, and PSEN = 100 pF, 
Load Capacitance 
for All Other Outputs 
= 80 pF) 


Symbol 
Parameter 
12 MHz Osc 
Variable 
Oscillator 
Units 


Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
MHz 
80C51 BH/80C31 
BH 
3.5 
12 
80C51 BH-1 /80C31 BH-1 
3.5 
16 
80C51 BH-2/80C31 
BH-2 
0.5 
12 


TLHLL 
ALE Pulse Width 
127 
2TCLCL 
- 
40 
ns 


TAVLL 
Address 
Valid to ALE Low 
28 
TCLCL 
- 
55 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL 
- 
35 
ns 


TLLlV 
ALE Low to Valid Instr In 
234 
4TCLCL 
- 
100 
ns 


TLLPL 
ALE Low to PSEN Low 
43 
TCLCL 
- 
40 
ns 


TPLPH 
PSEN Pulse Width 
205 
3TCLCL 
- 
45 
ns 


TPLIV 
PSEN Low to Valid Instr In 
145 
3TCLCL 
- 
105 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
59 
TCLCL 
- 
25 
ns 


TAVIV 
Address 
to Valid Instr In 
312 
5TCLCL 
- 
105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL 
- 
100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL 
- 
100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL 
- 
165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL 
- 
70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL 
- 
150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL 
- 
165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL 
- 
50 
3TCLCL + 50 
ns 


TAVWL 
Address 
Valid to RD or WR Low 
203 
4TCLCL 
- 
130 
ns 


TQVWX 
Data Valid to WR Transition 
23 
TCLCL 
- 
60 
ns 


TWHQX 
Data Hold After WR 
33 
TCLCL 
- 
50 
ns 


TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL 
- 
40 
TCLCL + 40 
ns 


inter 


I 


TRHOI 


TAHDX 
- 
----:: 


TPXIZI-- 


TPIII 
- 
- 


inter 


TOVWX 
~ 
TWHOX 
.L 


T 


~1 


]-i 


Shift Register 
Mode Timing Waveforms 


10-67 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
MHz 


80C51 BH/80C31 
BH 
3.5 
12 
80C51 BH-1 180C31 BH-1 
3.5 
16 
80C51 BH-2/80C31 
BH-2 
0.5 
12 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


Symbol 
Parameter 
12 MHzOsc 
Variable 
Oscillator 
Units 


Min 
Max 
Min 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
fJ-s 


TQVXH 
Output Data Setup to Clock Rising Edge 
700 
10TCLCL 
- 
133 
ns 


TXHQX 
Output Data Hold After Clock Rising Edge 
50 
2TCLCL 
- 
117 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0 
0 
ns 


TXHDV 
Clock Rising Edge to Input Data Valid 
700 
10TCLCL 
- 
133 
ns 


VCC-0.5-y 
0.2 Vcc+0.9 
V- 


0.45 
V-A_0_.2_V_C_C_-_O._1 
I'L- 
VOL +0.1 
V 


270064-12 


For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a 100 mV change from the loaded VOHIVOL level occurs. 
IOL/IOH" 
±20 mA. 


AC Inputs during testing are driven at VCC - 
0.5 for a logic "1" 
and 0.45 V for a logic "0". Timing measurements are made at VIH 
min. for a logic "1" and VIL max. for a logic "0". 


inter 


80C31 BH/80C51 BH 
EXPRESS 


• 
Extended 
Temperature 
Range 


• 
Burn-In 


The Intel EXPRESS 
system 
offers 
enhancements 
to the operational 
specifications 
of the MGS@-51 family of 
microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet the 
needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn-in 
and an extended 
temperature 
range with or without 
burn-in. 


With the commercial 
standard 
temperature 
range, operational 
characteristics 
are guaranteed 
over the temper- 
ature 
range 
of O·G to 70·G. With 
the 
extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40·G to + 85·G. 


The optional 
burn-in is dynamic 
for a minimum time of 160 hours at 125·G with Vcc = 6.9V ± 0.25V, following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package 
types and EXPRESS 
versions 
are identified 
by a one- or two-letter 
prefix to the part number. 
The 
prefixes 
are listed in Table 
1. 


For the extended 
temperature 
range option, this data sheet specifies 
the parameters 
which deviate 
from their 


commercial 
temperature 
range 
limits. The commercial 
temperature 
range 
data sheets 
are applicable 
for all 


parameters 
not listed here. 


Electrical 
Deviations 
from Commercial 
Specifications 
for Extended 
Temperature 
Range 


D.C. and A.C. parameters 
not included 
here 
are the same 
as in the 
commercial 
temperature 
range 
data 
sheets. 


Limits 


Unit 
Test 
Symbol 
Parameter 
Conditions 
Mln 
Max 


VIL 
Input Low Voltage 
(Except EA) 
-0.5 
0.2Vcc 
- 
0.15 
V 


VIL1 
EA 
-0.5V 
0.2Vcc 
- 
0.35 
V 


VIH 
Input High Voltage 
(Except XT AL 1, RST) 
0.2Vcc + 1 
VCC + 0.5 
V 


VIH1 
Input High Voltage to XT AL 1, RST 
0.7Vcc + 0.1 
VCC + 0.5 
V 


IlL 
Logical 0 Input Current (Port 1, 2, 3) 
-75 
/loA 
Vin = 0.45V 


ITL 
Logical 1 to 0 transition 
-750 
/loA 
Vin = 2.0V 
Current (Ports 1, 2, 3) 


Prefix 
Package 
Type 
Temperature 
Range 
Burn-In 


P 
Plastic 
Commercial 
No 
0 
Cerdip 
Commercial 
No 


N 
PLCC 
Commercial 
No 


TP 
Plastic 
Extended 
No 


TO 
Cerdip 
Extended 
No 


TN 
PLCC 
Extended 
No 


OP 
Plastic 
Commercial 
Yes 
00 
Cerdip 
Commercial 
Yes 


ON 
PLCC 
Commercial 
Yes 


LP 
Plastic 
Extended 
Yes 


LD 
Cerdip 
Extended 
Yes 


LN 
PLCC 
- 
Extended 
Yes 


NOTE: 
• Commercial temperature range is O·Cto lO·C. Extended temperature range is - 40"C to +6S·C. 
• Burn-in is dynamic for a minimum time of 160 hours at 12S·C,Vcc = 6.9V ±0.2SV, following guidelines in MIL-STD-663 
Method 101S (Test Condition DJ. 


Examples: 


P80C31 BH indicates 
80C31 BH in a plastic 
package 
and specified 
for commercial 
temperature 
range, without 
burn-in. 
LD80C51 BH indicates 
80C51 BH in a cerdip package 
and specified 
for extended 
temperature 
range with burn- 
in. 


~/\;~ll 
ts{(;f) ,-, /87C51-2 


CHMOS SINGLE-CHIP 
8-BIT MICROCONTROLLER 
WITH 4K BYTES OF EPROM PROGRAM MEMORY 


87CS1-3.S 
to 12 MHz, Vcc 
= SV ± 10% 
87CS1-1-3.S 
to 16 MHz, Vcc = SV ± 10% 
87CS1-2-o.S 
to 12 MHz, VCC = SV ± 10% 


• 
High Performance 
CHMOS 
EPROM 
• 
Programmable 
Serial Channel 


• 
Quick-Pulse 
Programming™ 
Algorithm 
• 
TTL- and CMOS-Compatible 
Logic 


• 
2-Level 
Program 
Memory 
Lock 
Levels 


• 
Boolean 
Processor 
• 
64K External 
Program 
Memory 
Space 


• 
128-Byte 
Data RAM 
• 
64K External 
Data Memory 
Space 


• 
32 Programmable 
I/O 
Lines 
• 
IDLE and POWER 
DOWN Modes 


• 
Two 
16-Bit Timer/Counters 
• 
ONCETM Mode Facilitates 
System 


Testing 


• 
5 Interrupt 
Sources 
• 
LCC, PLCC, and DIP Packaging 
Available 


The 87C51 is the EPROM version of the 80C51 BH. It is fabricated 
on Intel's CHMOS 
II-E process. 
It contains 
4K bytes of on-chip 
Program memory that can be electrically 
programmed, 
and can be erased 
by exposure 
to 
ultraviolet 
light. 


The 87C51 
EPROM 
array uses a modified 
Quick-Pulse 
programming 
algorithm, 
by which 
the entire 
4K-byte 
array can be programmed 
in about 
12 seconds. 


The extremely 
low operating 
power, 
along with the two reduced 
power 
modes, 
Idle and Power Down, 
make 
this part very suitable 
for low power 
applications. 
The Idle mode freezes 
the CPU while 
allowing 
the RAM, 


timer/counters, 
serial port, and interrupt 
system 
to continue 
functioning. 
The Power 
Down 
mode 
saves 
the 
RAM contents 
but freezes 
the oscillator, 
causing 
all other chip functions 
to be inoperative. 


r---------- 
:~ 
.f' 


inter 


PLO 
VCC 


PLI 
PO.O (AOO) 


PL2 
PO.1 (ADI) 


'" 
"': 
'1 "! 
C! 
(,) 
C! 
'" 
PL3 
PD.2 (AD2) 
INDEX 
;;: 
;;: 
U 
(,) 0 
ci 
ci 
ci 


CORNER 


Q. 
Q. 
Q. 
Z 
> 
Q. 
Q. 
Q. 
Q. 


PI,4 
PD.3 (AD3) 


Pl.S 
PO,4 (AD.) 


PL6 
PO.S (ADS) 
PL5 


PL7 
PO.6 (AD6) 
PL6 


RESET 
PO.7 (AD7) 
PL7 


(RXD) 
P3.0 
EA/VPP 
R5T 


(TXD) 
P3.1 
ALE/PROD 
P3.D 


(INTO) 
P3.2 
PSEN 
NC 


(INTI) 
P3.3 
P2.7 
(AIS) 
P3.1 


(TO) 
P3,4 
P2.6 
(AU) 
P3.2 


(TI) 
P3.S 
P2.S 
(AI3) 


P3.3 
(ViR) 
P3.6 
P2,4 
(A 12) 
P3,4 


(R5) 
P3.7 
P2.3 
(All) 


P2.2 
(AIO) 
P3.5 
XTAL2 


XTALI 
P2.1 
(A9) 


VSS 
P2.0 
(AS) 
'" 
r- '" --' 
III 
U 
0 
N '" '" • 
,.; ,.; --' 
III 
Z 
N 
N 
N 
N 
Q. 
Q. 
;5 ;5 > 
Q. 
Q. 
Q. 
Q. 
Q. 


270147-2 
x 
x 


DIP 
270147-21 


LCC/PLCC 


Vcc: 
Supply voltage 
during normal, 
Idle, and Power 


Down operations. 


Vss: Circuit ground. 


Port 0: Port 0 is an a-bit open drain bidirectional 
1/0 


port. As an output 
port each pin can sink a LS TTL 


inputs. Port 0 pins that have 1s written to them float, 
and 
in that 
state 
can 
be used 
as high-impedance 


inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during accesses 
to external 
memory. 
In this 
application 
it uses strong internal 
pullups when emit- 


ting 1s. 


Port 0 also receives 
the code bytes during EPROM 


programming, 
and 
outputs 
the 
code 
bytes 
during 


program 
verification. 
External 
pullups 
are required 
during program 
verification. 


Port 
1: Port 1 is an a-bit bidirectional 
I/O 
port with 


internal 
pullups. 
Port 1 pins that 
have 1s written 
to 
them are pulled 
high by the internal 
pullups, 
and in 


that 
state 
can be used as inputs. As inputs, 
Port 1 
pins that are externally 
being pulled 
low will source 


current 
(IlL, on the data sheet) because 
of the inter- 
nal pullups. 


Port 
1 also 
receives 
the 
low-order 
address 
bytes 
during 
EPROM 
programming 
and program 
verifica- 


tion. 


Port 2: Port 2 is an a-bit bidirectional 
1/0 port with 


internal 
pullups. 
Port 2 pins that 
have 
1s written 
to 


them are pulled 
high by the internal 
pullups, 
and in 


that state can be used as inputs. 
As inputs, 
Port 2 


pins that are externally 
being pulled 
low will source 


current 
(IlL, on the data sheet) because 
of the inter- 


nal pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 


fetches 
from 
external 
Program 
memory 
and during 


accesses 
to external 
Data 
Memory 
that 
use 16-bit 


address 
(MOVX 
@DPTR). In this application 
it uses 


strong 
internal 
pullups when emitting 
1s. 


During accesses 
to external 
Data Memory 
that use 


a-bit addresses 
(MOVX 
@Ri), Port 2 emits the con- 


tents of the P2 Special 
Function 
Register. 


Port 2 also 
receives 
some 
control 
signals 
and the 


high-order 
address 
bits during EPROM programming 


and program 
verification. 


Port 3: Port 3 is an a-bit bidirectional 
1/0 port with 


internal 
pullups. 
Port 3 pins that have 
1s written 
to 


them are pulled 
high by the internal 
pullups, 
and in 


that state 
can be used as inputs. 
As inputs, 
Port 3 


pins that are externally 
being pulled 
low will source 


current 
(IlL, on the data sheet) 
because 
of the pull- 


ups. 


inter 


Port 3 also serves 
the functions 
of various 
special 


features 
of the MCS-51 
Family, as listed below: 


Pin 
Name 
Alternate 
Function 


P3.0 
RXD 
Serial input line 


P3.1 
TXD 
Serial output line 


P3.2 
INTO 
External 
Interrupt 0 


P3.3 
INT1 
External 
Interrupt 
1 


P3.4 
TO 
Timer 0 external 
input 


P3.5 
T1 
Timer 1 external 
input 


P3.6 
WR 
External 
Data Memory Write strobe 


P3.7 
RD 
External 
Data Memory Read strobe 


Port 
3 
also 
receives 
some 
control 
signals 
for 


EPROM 
programming 
and program 
verification. 


RST: Reset 
input. 
A logic 
high on this 
pin for two 


machine 
cycles while the oscillator 
is running resets 


the device. 
An internal 
pulldown 
resistor 
permits 
a 


power-on 
reset to be generated 
using only an exter- 


nal capacitor 
to Vcc. 


ALE/PROG: 
Address 
Latch Enable output signal for 


latching 
the low byte of the address during accesses 


to external 
memory. 
This 
pin is also 
the 
program 


pulse input (PROG) during EPROM 
programming. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate 
of 
1/6 
the 
oscillator 
frequency, 
and 
may 
be 


used for external 
timing or clocking 
purposes. 
Note, 
however, 
that one ALE pulse is skipped 
during each 


access 
to external 
Data Memory. 


PSEN: Program 
Store Enable 
is the Read strobe 
to 


External 
Program 
Memory. 
When the 87C51 is exe- 


cuting from Internal 
Program 
Memory, 
PSEN is inac- 


tive (high). When the device 
is executing 
code from 


External 
Program 
Memory, 
PSEN is activated 
twice 


each 
machine 
cycle, 
except 
that two PSEN activa- 


tions 
are 
skipped 
during 
each 
access 
to 
External 


Data Memory. 


EA/Vpp: 
External 
Access 
enable. 
EA 
must 
be 


strapped 
to VSS in order 
to enable 
the 
87C51 
to 


fetch code from External 
Program 
Memory 
locations 


OOOOHto OFFFH. Note, however, 
that if either of the 


Lock 
Bits is programmed, 
the 
logic 
level 
at EA is 


internally 
latched 
during reset. 


EA must 
be strapped 
to Vcc 
for internal 
program 


execution. 


This pin also receives 
the 12.75V programming 
sup- 


ply voltage 
(Vpp) during EPROM 
programming. 


XTAL 1: Input to the inverting 
oscillator 
amplifier 
and 


input to the internal 
clock generating 
circuits. 


XTAL2: 
Output 
from the inverting 
oscillator 
amplifi- 


er. 


EXTERNAL 
OSCILLATOR 
SIGNAL 


XTAL 1 and XTAL2 are the input and output, respec- 
tively, of an inverting 
amplifier 
which 
can be config- 


ured for use as an on-chip 
oscillator, 
as shown 
in 


Figure 3. 


To drive the device 
from 
an external 
clock 
source, 


XTAL 1 should 
be driven, while XTAL2 is left uncon- 


nected, 
as shown 
in Figure 4. There are no require- 


ments on the duty cycle of the external 
clock signal, 


since 
the 
input 
to the 
internal 
clocking 
circuitry 
is 
through 
a divide-by-two 
flip-flop, 
but minimum 
and 


maximum 
high and low times specified 
on the Data 


Sheet 
must be observed. 


In Idle Mode, the CPU puts itself to sleep while 
all 


the on-chip 
peripherals 
remain 
active. 
The mode 
is 


invoked 
by software. 
The 
content 
of 
the 
on-chip 


RAM and all the Special 
Functions 
Registers 
remain 


unchanged 
during this mode. The Idle Mode can be 


terminated 
by any enabled 
interrupt 
or by a hard- 


ware reset. 


It should 
be noted that when Idle is terminated 
by a 


hardware 
reset, 
the 
device 
normally 
resumes 
pro- 


gram execution, 
from where 
it left off, up to two ma- 


chine 
cycles 
before 
the 
internal 
reset 
algorithm 


takes 
control. 
On-chip 
hardware 
inhibits 
access 
to 


internal 
RAM 
in this event, 
but access 
to the 
port 


int.••. 
[U., 
Jfjmn 
fMlnoo !iU6)\V7 
- 
ALt:.-- 
- "'~'l:."W- 
.PORTO 
PORn 
PORT3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


NOTE: 
For more 
detailed 
information 
on the reduced 
power 
modes 
refer to current 
Embedded 
Controller 
Handbook, 
and Applica- 
tion Note AP-252, 
"Designing 
with the BOC51BH." 


pins is not inhibited. 
To eliminate 
the possibility 
of an 


unexpected 
write to a port pin when Idle is terminat- 


ed by reset, 
the 
instruction 
following 
the 
one that 


invokes 
Idle should 
not be one that writes to a port 


pin or to external 
memory. 


In the Power 
Down 
mode the oscillator 
is stopped, 
and the instruction 
that invokes 
Power Down is the 


last 
instruction 
executed. 
The 
on-chip 
RAM 
and 


Special 
Function 
Registers 
retain 
their values 
until 


the Power Down mode is terminated. 


The only exit from Power Down is a hardware 
reset. 


Reset 
redefines 
the SFRs but does not change 
the 


on-chip 
RAM. The reset should 
not be activated 
be- 


fore VCC is restored 
to its normal operating 
level and 


must be held active long enough to allow the oscilla- 
tor to restart 
and stabilize. 


Exposure 
to light when 
the 
device 
is in operation 


may cause logic errors. For this reason, it is suggest- 
ed that an opaque 
label be placed 
over the window 


when the die is exposed 
to ambient 
light. 


If using the 
87C51 
to prototype 
for the 80C51 BH, 
consult 
the 
Design 
Considerations 
section 
of the 


80C51 BH data sheet. 


The 
87C51 
contains 
two 
program 
memory 
lock 


schemes: 
Encrypted 
Verify and Lock Bits. 


Encrypted 
Verify: 
The 
87C51 
implements 
a 32- 
byte EPROM 
array that can be programmed 
by the 


customer, 
and which 
can then 
be used to encrypt 


the program 
code bytes during EPROM 
verification. 
The EPROM 
verification 
procedure 
is performed 
as 


usual, except that each code byte comes out logical- 
ly X-NORed 
with one of the 32 key bytes. The key 


bytes are gone through 
in sequence. 
Therefore, 
to 


read the 
ROM code, 
one has to know 
the 32 key 


bytes in their proper 
sequence. 


Lock 
Bits: Also on the chip are two Lock Bits which 


can 
be 
left 
unprogrammed 
(U) 
or 
can 
be 
pro- 


grammed 
(P) to obtain 
the following 
additional 
fea- 


tures: 


Bit 1 
Bit2 
Additional 
Features 


U 
U 
none 


P 
U 
• Externally 
fetched 
code can not 


access internal 
Program Memory. 


• Further programming 
disabled. 


U 
P 
(Reserved 
for Future definition.) 


P 
P 
• Externally 
fetched 
code can not 


access internal 
Program Memory. 


• Further programming 
disabled. 


• Program verification 
is disabled. 


When 
Lock 
Bit 1 is programmed, 
the logic level at 


the EA pin is sampled 
and latched 
during 
reset. 
If 


the device 
is powered 
up without 
a reset, the latch 


initializes 
to a random 
value, 
and holds 
that 
value 


until 
reset 
is 
activated. 
It 
is 
necessary 
that 
the 


latched value of EA be in agreement 
with the current 


logic level at that pin in order for the device to func- 
tion properly. 


The ONCE 
("on-circuit 
emulation") 
mode facilitates 


testing 
and debugging 
of systems 
using the 87C51 


without 
the 87C51 
having 
to be removed 
from 
the 


circuit. The ONCE mode is invoked 
by: 


1. Pull 
ALE 
low 
while 
the 
device 
is in reset 
and 


PSEN is high; 


2. Hold ALE low as RST is deactivated. 


While the device 
is in ONCE 
mode, the Port 0 pins 


go into a float state, and the other port pins and ALE 
and PSEN are weakly 
pulled high. The oscillator 
cir- 


cuit remains active. While the 87C51 is in this mode, 
an emulator 
or test CPU can be used to drive the 


circuit. 
Normal 
operation 
is restored 
when a normal 


reset is applied. 


inter 


Ambient 
Temperature 
Under Bias .... ooe to + 70°C 


Storage Temperature 
: 
- 65°C to + 150°C 


Voltage on EAlVpp 
Pin to VSS 
OV to + 13.0V 


Voltage on Any Other Pin to VSS .. - O.5V to + 6.5V 


Power Dissipation 
1.5W 


(Based on package 
heat transfer 
limitations, 
not de- 


vice power consumption). 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Typ(1) 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
(Except 
EA) 
-0.5 
.2Vcc-·1 
V 


VIL1 
Input Low Voltage 
to EA 
0 
.2Vcc-·3 
V 


VIH 
Input High Voltage 
(Except 
XTAL 1, RST) 
.2Vcc+·9 
Vcc+·5 
V 


VIH1 
Input High Voltage 
(XTAL 1, RST) 
0.7Vcc 
Vcc+·5 
V 


VOL 
Output 
Low Voltage 
(Ports 1, 2, 3) 
0.45 
V 
IOL = 1.6 mA (2) 


VOL1 
Output 
Low Voltage 
(Port 0, ALE, PSEN) 
0.45 
V 
IOL = 3.2 mA (2) 


VOH 
Output 
High Voltage 
(Ports 1, 2, 3, ALE, PSEN) 
2.4 
V 
IOH = -60/-LA 


.75Vcc 
V 
IOH = -25/-LA 


.9Vcc 
V 
IOH = -10 
/-LA 


VOH1 
Output 
High Voltage 
(Port 0 in 
2.4 
V 
IOH = -800/-LA 


.75 Vcc 
V 
IOH = -300/-LA 
External 
Bus Mode) 
.9Vce 
V 
IOH = - 80 /-LA(3) 


IlL 
Logical 
0 Input Current 
(Ports 1, 2, 3) 
-50 
/-LA 
VIN = 0.45V 


ITL 
Logicall-to-O 
transition 
current 
-650 
/-LA 
(4) 
(Ports 1, 2, 3) 


III 
Input Leakage 
Current 
(Port 0) 
±10 
/-LA 
VIN = VIL or VIH 


Ice 
Power Supply Current: 
Active 
Mode 
@ 12 MHz (5) 
11.5 
25 
mA 


Idle Mode 
@ 12 MHz (5) 
1.3 
4 
mA 
(6) 
Power Down Mode 
3 
50 
/-LA 


RRST 
Internal 
Reset Pulldown 
Resistor 
50 
300 
kO 


CIO 
Pin Capacitance 
10 
pF 


NOTES: 
1. "Typicals" 
are based 
on a limited 
number 
of samples 
taken 
from 
early 
manufacturing 
lots and are not guaranteed. 
The 
values 
listed are at room temp, 
5V. 


2. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VOLS of ALE and Ports 
1 and 3. The noise 
is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these 
pins make 
1- 
to-O transitions 
during 
bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100pF), 
the noise pulse on the ALE pin may 
exceed 
0.8V. In such cases 
it may be desirable 
to qualify 
ALE with a Schmitt 
Trigger, 
or use an address 
latch with a Schmitt 
Trigger 
STROBE 
input. 


3. Capacitive 
loading 
on Ports 0 and 2 may cause 
the VOH on ALE and PSEN to momentarily 
fall below 
the 0.9Vcc 
specifi- 
cation 
when 
the address 
bits are stabilizing. 
. 


4. Pins of Ports 
1, 2, and 3 source 
a transition 
current 
when 
they 
are being 
externally 
driven 
from 
1 to o. The transition 
current 
reaches 
its maximum 
value when 
VIN is approximately 
2V. 


5. IccMAX 
at other 
frequencies 
is given 
by: 


Active 
Mode: 
IccMAX 
= 0.94 x FREQ 
+ 
13.71 


Idle Mode: 
IccMAX 
= 0.14 x FREQ 
+ 
2.31 


where 
FREQ is the external 
oscillator 
frequency 
in MHz. IceMAX 
is given in mA. See Figure 
5. 


6. See Figures 
6 through 
9 for Icc test conditions. 
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XTAL2 


XTAL1 


VSS 


Figure 7. lee Test Condition, Idle Mode. 


All other pins are disconnected. 


TYP(1) 


IDLE 
MODE 


4~Hz 
8MHz 
12t.lHz 
16MHz 


Figure 5. lee vs. FREQ. Valid only 


within frequency specifications 
of the 


device under test. 


XTAL2 


XTAL1 


Vss 


Figure 9. lee Test Condition, Power Down 


Mode. All other pins are disconnected. 


Vee = 2V to 5.5V. 


Figure 6. lee Test Condition, Active Mode. 


All other pins are disconnected. 


Figure 8. Clock Signal Waveform for 
lee tests in Active and Idle Modes. 


TCLCH = TCHCL = 5 ns. 


L:Logic 
level LOW, or ALE. 


P:PSEN. 
O:Output 
data. 


R:RD signal. 
T:Time. 
V:Valid. 
W:WR signal. 
X:No longer a valid logic level. 
Z:Float. 


Each timing symbol 
has 5 characters. 
The first char- 


acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 


characters, 
depending 
on their 
positions, 
stand 
for 


the 
name 
of a signal 
or the 
logical 
status 
of that 


signal. The following 
is a list of all the characters 
and 


what they stand for. 


A:Address. 
C:Clock. 
D:lnput 
data. 


H:Logic 
level HIGH. 
1:lnstruction 
(program 
memory 
contents). 


TAVLL 
= Time from Address 
Valid to ALE Low. 


TLLPL = Time from ALE Low to PSEN Low. 


• 
A.C. CHARACTERISTICS: 
(TA = O·C to + 70·C; Vcc = 5V ± 10%; VSS = OV; Load Capacitance 
for 
Port 0, ALE, and PSEN = 100 pF; Load Capacitance 
for All Other Outputs = 80 pF) 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 


Mln 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
87C51 
3.5 
12 
MHz 
87C51-1 
3.5 
16 
87C51-2 
0.5 
12 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
28 
c. 
TCLCL-55 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
234 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
43 
TCLCL-40 
ns 


TPLPH 
PSEN Pulse Width 
205 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid Instr In 
145 
3TCLCL-105 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
59 
TCLCL-25 
ns 


TAVIV 
Address 
to Valid Instr In 
312 
5TCLCL-105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
203 
4TCLCL-130 
ns 
TOVWX 
Data Valid to WR Transition 
23 
TCLCL-60 
ns 


TWHOX 
Data Hold After WR 
33 
TCLCL-50 
ns 
TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 
TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


TLLDV ----- 
••'1 


TRLRH 


fROtol RI OR DPL 


TAVWL 
TAVDV 


P2.0-P2.7 
OR A8-A 
15 
fROM 
DPH 


fROtol RI OR DPL 


TAVWL 


Symbol 
Parameter 
Min 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
B7C51 
3.5 
12 
MHz 
B7C51-1 
3.5 
16 
B7C51-2 
0.5 
12 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


12 MHz 
Variable 
Oscillator 
Symbol 
Parameter 
Oscillator 
Units 


Min 
Max 
Min 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
IJos 


TOVXH 
Output Data Setup to Clock Rising Edge 
700 
1OTCLCL -133 
ns 


TXHOX 
Output Data Hold After Clock Rising Edge 
50 
2TCLCL-117 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0 
0 
ns 


TXHDV 
Clock Rising Edge to Input Data Valid 
700 
1OTCLCL -133 
ns 


INSTRUCTION 
I 


ALE 


-l r-TXHOX 
r-TOVXH-j 
I 


\ 
0 
===== 
X 
X 
X 


I 
WRITE TO SBur 


INPUT 
OATA 


A.C. TESTING: 


INPUT, 
OUTPUT 
WAVEFORMS 


V 


CC 


-0.5 =x 
x== 


0.2 Vcc+0.9 


0.2Vcc-0.1 


0.45 
V 
-------- 


AC inputs 
during 
testing 
are driven 
at Vcc 
- 
0.5 for a Logic 
"1 ,. 
and 0.45V for a Logic "0," 
Timing 
measurements 
are made at VIH 


min for a Logic 
"1" 
and VIL max for a Logic 
"0", 


t 
SET RI 


270147-9 


VLOAO+O.l 
V 


V 
LOAO 
.•........... 
TIMING REFERENCE< 


--- 
POINTS 
VLOAO-0.1 
V 


270147-11 


For timing 
purposes 
a port pin is no longer floating 
when 
a 100 


mV change 
from 
load voltage 
occurs. 
and begins 
to float when 
a 


100 mV change 
from 
the loaded 
VOHIVOL 
level 
occurs, 
IOLIiOH 


;;, ±20 
mA. 
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to identify 
the device. 
The signature 
bytes 
identify 


the device 
as an 87C51 
manufactured 
by Intel. 


The 
87C51 
is programmed 
by a modified 
Quick- 


Pulse Programming™ 
algorithm. 
It differs from older 


methods 
in the 
value 
used 
for Vpp (Programming 


Supply Voltage) 
and in the width and number 
of the 


ALE/PROG 
pulses. 


Table 2 shows the logic levels for reading the signa- 
ture byte, and for programming 
the Program 
Memo- 


ry, the Encryption 
Table, and the Lock Bits. The cir- 


cuit 
configuration 
and 
waveforms 
for 
Quick-Pulse 


Programming™ 
are 
shown 
in Figures 
10 and 
11. 


Figure 12 shows 
the circuit configuration 
for normal 


Program 
Memory 
verification. 
The 87C51 contains 
two signature 
bytes that can be 


read and used by an EPROM 
programming 
system 


MODE 
RST 
PSEN 
ALEI 
EAt 
P2.7 
P2.6 
P3.7 
P3.6 
PROG 
Vpp 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program Code Data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm Encryption 
Table 
1 
0 
O' 
Vpp 
1 
0 
1 
0 


Pgm Lock Bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


Pgm Lock Bit 2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


NOTES: 
"1" 
= Valid high for that pin 
"0" 
= Valid low for that pin 
Vpp = 
12.75V 
± 0.25V 
Vcc 
= 5V ± 10% during 
programming 
and verification 


'ALE/PROO 
receives 
25 programming 
pulses 
while Vpp is held at 12.75V. 
Each programming 
pulse is low for 100 ",S(± 10 
",S) and high for a minimum 
of 10 ",5. 


+5V 


vcc 


AO-A7 
P1 
po 


RST 
EA/Vpp 


P3.6 
ALE/PROG 


87e51 
PSEN 


P3.7 
P2.7 


XTAL2 
P2.6 


inter 


1 I' 
25 PULSES------'1 


ALE/PROG:~-----~ 


'------' 


1 "'-. 
10}'s M1N11' 
~~~;: 
'I 


ALE/PROG:---o-I •.• 
..•n... 
....n 
_ 


Quick-Pulse Programming™ 


The setup for Microcontroller 
Quick-Pulse 
Program- 


ming™ 
is shown 
in Figure 
10. Note that the 87C51 


is running 
with a 4 to 6 MHz oscillator. 
The reason 


the oscillator 
needs to be running 
is that the device 


is 
executing 
internal 
address 
and 
program 
data 


transfers. 


The 
address 
of 
the 
EPROM 
location 
to 
be 
pro- 


grammed 
is applied 
to Ports 
1 and 2, as shown 
in 


Figure 
10. The 
code 
byte 
to be programmed 
into 


that 
location 
is applied 
to Port O. RST, PSEN, and 


pins of Ports 2 and 3 specified 
in Table 2 are held at 


the "Program 
Code Data" 
levels 
indicated 
in Table 


2. 
Then 
ALE/PROG 
is 
pulsed 
low 
25 
times 
as 


shown 
in Figure 11. 


To 
program 
the 
Encryption 
Table, 
repeat 
the 
25- 


pulse 
programming 
sequence 
for 
addresses 
0 


through 
1FH, using the "Pgm 
Encryption 
Table" 
lev- 


els. Don't 
forget 
that 
after 
the 
Encryption 
Table 
is 


programmed, 
verify cycles will produce 
only encrypt- 


ed data. 


To program 
the Lock Bits, repeat 
the 25-pulse 
pro- 


gramming 
sequence 
using the "Pgm 
Lock 
Bit" 
lev- 


els. After 
one Lock 
Bit is programmed, 
further 
pro- 


gramming 
of the Code 
Memory 
and Encryption 
Ta- 


ble is disabled. 
However, 
the other 
Lock Bit can still 


be programmed. 


Note that the EAlVpp 
pin must not be allowed 
to go 


above 
the 
maximum 
specified 
Vpp 
level 
for 
any 


amount of time. Even a narrow glitch above that volt- 
age level can cause 
permanent 
damage 
to the de- 


vice. The Vpp source 
should 
be well regulated 
and 
free of glitches 
and overshoot. 


inter 


+5V 


VCC 


AO-A7 
Pl 
PO 
PGM 
DATA 


RST 
EAjVpp 


P3.6 
ALE/PROG 


87CSl 
PSEN 
0 


P3.7 
(ENABLE) 
P2.7 
0 


XTAL2 
P2.6 
0 


XTAL 1 


VSS 


If Lock Bit 2 has not been programmed, 
the on-chip 


Program 
Memory 
can be read out for program 
verifi- 
cation. The address 
of the Program Memory 
location 


to be read is applied 
to Ports 
1 and 2 as shown 
in 


Figure 
12. The 
other 
pins 
are 
held 
at the 
"Verify 


Code 
Data" 
levels 
indicated 
in Table 
2. The 
con- 


tents 
of the addressed 
location 
will be emitted 
on 


Port O. External 
pull ups are required 
on Port 0 for 


this 
operation. 
Detailed 
timing 
specifications 
are 


shown 
in later sections 
of this data sheet. 


If the Encryption 
Table 
has been programmed, 
the 


data presented 
at Port 0 will be the Exclusive 
NOR 


of the program 
byte with one of the encryption 
by1es. 
The 
user will 
have 
to know 
the 
Encryption 
Table 


contents 
in order to correctly 
decode 
the verification 


data. 
The 
Encryption 
Table 
itself 
can 
not be read 


out. 


The signature 
bytes are read by the same procedure 


as a normal verification 
of locations 
030H and 031 H, 


except 
that 
P3.6 and P3.7 need 
to be pulled 
to a 


logic low. The values 
returned 
are: 


(030H) = 89H indicates 
manufactured 
by Intel 


(031H) 
= 57H indicates 
87C51 


Any algorithm 
in agreement 
with the conditions 
list- 


ed in Table 2, and which satisfies 
the timing specifi- 


cations, 
is suitable. 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 


chip 
is exposed 
to light 
with 
wavelengths 
shorter 


than approximately 
4,000 Angstroms. 
Since sunlight 


and 
fluorescent 
lighting 
have 
wavelengths 
in this 


range, exposure 
to these 
light sources 
over an ex- 


tended 
time (about 
1 week in sunlight, 
or 3 years in 


room level fluorescent 
lighting) 
could cause inadver- 


tent erasure. 
If an application 
subjects 
the device 
to 


this type of exposure, 
it is suggested 
that an opaque 


label be placed 
over the window. 


The 
recommended 
erasure 
procedure 
is exposure 


to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 


ed dose 
of at least 
15 W-sec/cm2. 
Exposing 
the 


EPROM 
to an ultraviolet 
lamp 
of 12,000 
p.W/cm2 


rating for 30 minutes, 
at a distance 
of about 
1 inch, 


should 
be sufficient. 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS: 
(TA = 21°C to 2rc, 
vcc 
= 5V ±10%, 
vss 
= OV) 


Symbol 
Parameter 
Min 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming 
Supply Current 
50 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold After PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold After PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
J.l.s 


TGHSL 
Vpp Hold After PROG 
10 
J.l.s 


TGLGH 
PROG Width 
90 
110 
J.l.s 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float After ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
J.l.s 


---A-TEHSH 
P2.7 


(ENABLE) 


TELQVl 
- 


O{""~ 
I 
EXPRESS 


• 
Extended 
Temperature 
Range 


• 
Burn-In 


The Intel EXPRESS 
system 
offers enhancements 
to the operational 
specifications 
of the MCS@-51 family of 
microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet the needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn-in 
and an extended 
temperature 
range with or without 
burn-in. 


With the commercial 
standard 
temperature 
range, operational 
characteristics 
are guaranteed 
over the temper- 
ature 
range 
of O·C to + 70·C. With the extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40·C to + 85·C. 


The optional 
burn-in is dynamic 
for a minimum time of 160 hours at 125·C with Vcc = 6.0V ± 0.25V, following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package 
types and EXPRESS 
versions 
are identified 
by a one- or two-letter 
prefix to the part number. 
The 
prefixes 
are listed in Table 
1. 


For the extended 
temperature 
range option, this data sheet specifies 
the parameters 
which deviate 
from their 
commercial 
temperature 
range 
limits. The commercial 
temperature 
range 
data sheets 
are applicable 
for all 
parameters 
not listed here. 


Electrical 
Deviations 
from Commercial 
Specifications 


for Extended 
Temperature 
Range 


D.C. and A.C. parameters 
not included 
here 
are the 
same 
as in the commercial 
temperature 
range 
data 
sheets. 


Symbol 
Parameter 
Limits 
Unit 
Test 


Min 
Max 
Conditions 


VIL 
Input Low Voltage 
(Except EA) 
-0.5 
0.2Vee 
- 
0.15 
V 


VIL1 
EA 
0 
0.2Vee 
- 
0.35 
V 


VIH 
Input High Voltage 
(Except XTAL 1, RST) 
0.2Vee + 1 
Vee + 0.5 
V 


VIH1 
Input High Voltage to XTAL 1, RST 
0.7Vee + 0.1 
Vee + 0.5 
V 


IlL 
Logical 0 Input Current (Port 1, 2, 3) 
-75 
/LA 
VIN = 0.45V 


ITL 
Logical 1 to 0 transition 
-750 
/LA 
VIN = 2.0V 
Current (Ports 1, 2, 3) 


Ice 
Power Supply Current 
(Note 1) 
Active Mode 
35 
mA 
Idle Mode 
6 
mA 


Power Down Mode 
50 
/LA 


NOTE: 
1. Vcc = 4.5V-5.5V, 
Frequency Range = 3.5 MHz-12 MHz. 


inter 


Prefix 
Package 
Type 
Temperature 
Range(2) 
Burn-ln(3) 


P 
Plastic 
Commercial 
No 


D 
Cerdip 
Commercial 
No 


N 
PLCC 
Commercial 
No 


R 
LCC 
Commercial 
." 
No 


TP 
Plastic 
Extended 
No 


TO 
Cerdip 
Extended 
No 


TN 
PLCC 
Extended 
No 


TR 
LCC 
Extended 
No 


OP 
Plastic 
Commercial 
Yes 


OD 
Cerdip 
Commercial 
Yes 


ON 
PLCC 
Commercial 
Yes 


OR 
LCC 
Commercial 
Yes 


LP 
Plastic 
Extended 
Yes 


LD 
Cerdip 
Extended 
Yes 


LN 
PLCC 
Extended 
Yes 


LR 
LCC 
Extended 


" 
Yes 


NOTES: 
2. Commercial 
temperature 
range 
is O·C to + 70·C. Extended 
temperature 
range 
is - 40·C to + 8S·C. 


3. Burn-in 
is dynamic 
for a minimum 
time of 160 hours at + 12S·C, Vcc 
= 6.0V 
±0.2SV, 
following 
guidelines 
in MIL-STD- 
883 Method 
101S (Test Condition 
D). 


Examples: 


P87C51 indicates 
87C51 in a plastic package 
and specified 
for commercial 
temperature 
range, without 
burn-in. 


LD87C51 
indicates 
87C51 in a cerdip 
package 
and specified 
for extended 
temperature 
range with burn-in. 


87C51 FA (87C252) 


CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER 
WITH 
PROGRAMMABLE COUNTER ARRAY, UP/DOWN 
COUNTER, 8K BYTES USER PROGRAMMABLE 
EPROM 
• High Performance 
CHMOS 
EPROM 
• 32 Programmable 
110 Lines 
• Power Control 
Modes 
• 7 Interrupt 
Sources 


• Three 
16-Bit Timer/Counters 
• Programmable 
Serial Channel 
with: 
• Programmable 
Counter 
Array with: 
- 
Framing 
Error Detection 


- 
High Speed 
Output, 
- 
Automatic 
Address 
Recognition 


- 
Compare/Capture, 
• TTL Compatible 
Logic Levels 
- 
Pulse Width Modulator, 
• 64K External 
Program 
Memory 
Space 
- 
Watchdog 
Timer capabilities 


Up/Dow!1 
Timer/Counter 
• 64K External 
Data Memory 
Space 
• 
Two Level Program 
Lock System 
• MCS®·51 
Fully Compatible 
Instruction 
• 
Set 
• 8K On-Chip 
EPROM 
• Power Saving 
Idle and Power 
Down 
• 256 Bytes of On-Chip 
Data RAM 
Modes 


• Quick Pulse Programming™ 
Algorithm 
• ONCETM (On-Circuit 
Emulation) 
Mode 
• Boolean 
Processor 


PROGRAM 
MEMORY: 
Up to 8K bytes of the program 
memory 
can reside in the on-chip 
EPROM. 
In addition 
the device 
can address 
up to 64K of program 
memory 
external 
to the chip. 


DATA MEMORY: 
This microcontroller 
has a 256 x 8 on-chip 
RAM. In addition 
it can address 
up to 64K bytes of 
external 
data memory. 


The 
Intel 
87C51 FA is a single-chip 
control 
oriented 
microcontroller 
which 
is fabricated 
on Intel's 
reliable 
CHMOS 
II-E technology. 
Being 
a member 
of the 
MCS<!l-51 family, 
the 87C51 FA uses the same 
powerful 
instruction 
set, has the same architecture, 
and is pin for pin compatible 
with the existing MCS-51 products. 
The 
87C51 FA is an enhanced 
version 
of the 87C51. It's added features 
make it an even more powerful 
microcon- 


troller for applications 
that require 
Pulse Width 
Modulation, 
High Speed 
1/0, and upldown 
counting 
capabili- 
ties such as motor control. 
It also has a more versatile 
serial channel 
that facilitates 
multi-processor 
communi- 
cations. 


inter 


,.- 


V~ 
VSS 
..f"l 


PSEN 
ALE/~ 
u.jVPP 
RST 


TItoUNG 
AND 
CONTROL 


inter 


(T2) 
PLO 


(T2EX) 
PLl 


(ECI) Pl.2 


(CEXO) Pl.3 


(CEX1) PL4 


(CEX2) Pl.S 


(CEX3) PL6 


(CEX4) PL7 


RESET 


(RXD) 
P3.0 


(TXD) P3.l 


(INTO) P3.2 


(INn) 
P3.3 


(TO) PH 


(Tl) 
P3.S 


(ViR) 
P3.6 


(RD) 
P3.7 


XTAL2 


XTALl 
vss 


vcc 
PO.O (ADO) 


PO.l (AD1) 


PO.2 (AD2) 


PO.3 (AD3) 


PO.4 (AD4) 


PO.S (ADS) 


PO.6 (AD6) 


PO.7 (AD7) 


EA/Vpp 


ALE/PRDG 


PSEN 


P2.7 
(A1S) 


P2.6 
(A14) 


P2.S 
(A13) 


P2.4 
(A12) 


P2.3 
(All) 


P2.2 
(Al0) 


P2.l 
(A9) 


P2.D 
(A8) 


Vss: Circuit ground. 


Port 0: Port 0 is an 8-bit, open drain, bidirectional 
I/O 


port. As an output port each pin can sink several 
LS 


TTL inputs. Port 0 pins that have 1's written to them 
float, 
and in that state 
can be used as high-imped- 
ance inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during 
accesses 
to external 
Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pullups 
when 
emitting1's, 
and can source 
and 


sink several 
LS TTL inputs. 


Port 0 also receives 
the code bytes during 
EPROM 


programming, 
and 
outputs 
the 
code 
bytes 
during 


program 
verification. 
External 
pullup resistors 
are re- 
quired during program 
verification. 


Port 1: Port 1 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 1 output 
buffers 
can drive 


LS TTL inputs. 
Port 1 pins that 
have 
1's written 
to 


them are pulled 
high by the internal 
pullups, 
and in 


that state 
can be used as inputs. 
As inputs, 
Port 1 


pins that are externally 
being pulled 
low will source 


current 
(IlL, on the data sheet) 
because 
of the inter- 
nal pull ups. 


In addition, 
Port 1 serves the functions 
of the follow- 


ing special 
features 
of the 87C51 FA: 


Port Pin 
Alternate 
Function 


P1.0 
T2 (External Count Input to Timer/ 
Counter 2) 


P1.1 
T2EX (Timer/Counter 
2 Capture/ 


Reload Trigger and Direction 
Control) 


P1.2 
ECI (External Count Input to the PCA) 


P1.3 
CEXO (External 
I/O for Compare/ 


Capture Module 0) 


P1.4 
CEX1 (External 
I/O for Compare/ 


Capture Module 
1) 


P1.5 
CEX2 (External 
I/O for Compare/ 


Capture Module 2) 


P1.6 
CEX3 (External 
I/O for Compare/ 


Capture Module 3) 


P1.7 
CEX4 (External 
I/O for Compare/ 


Capture Module 4) 


Port 1 receives 
the low-order 
address 
bytes during 


EPROM 
programming 
and verifying. 


Port 2: Port 2 is an 8-bit bidirectional 
I/O 
port with 


internal 
pullups. 
The Port 2 output 
buffers 
can drive 


LS TTL inputs. 
Port 2 pins that 
have 
1's written 
to 


them are pulled 
high by the internal 
pullups, 
and in 


that state can be used as inputs. 
As inputs, 
Port 2 


pins that are externally 
being pulled 
low will source 


current 
(IlL, on the data sheet) because 
of the inter- 


nal pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 


fetches 
from 
external 
Program 
Memory 
and during 


accesses 
to external 
Data 
Memory 
that 
use 16-bit 


addresses 
(MOVX 
@DPTR). 
In this 
application 
it 


uses strong 
internal 
pullups 
when emitting 
1'so Dur- 


ing accesses 
to external 
Data Memory 
that use 8-bit 


addresses 
(MOVX @Ri), Port 2 emits the contents 
of 


the P2 Special 
Function 
Register. 


Some Port 2 pins receive the high-order 
address 
bits 


during 
EPROM 
programming 
and program 
verifica- 


tion. 


Port 3: Port 3 is an 8-bit bidirectional 
I/O 
port with 


internal 
pullups. 
The Port 3 output 
buffers 
can drive 


LS TTL inputs. 
Port 3 pins that 
have 
1's written 
to 


them are pulled 
high by the internal 
pullups, 
and in 


that state 
can be used as inputs. 
As inputs, 
Port 3 


pins that are externally 
being pulled 
low will source 


current 
(IlL, on the data sheet) 
because 
of the pull- 


ups. 


inter 


Port 3 also serves 
the functions 
of various 
special 


features 
of the MCS-51 
Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 


P3.1 
TXD (serial output port) 


P3.2 
INTO (external 
interrupt 
0) 


P3.3 
INT1 (external 
interrupt 
1) 


P3.4 
TO (Timer 0 external 
input) 


P3.5 
T1 (Timer 1 external 
input) 


P3.6 
WR (external 
data memory write strobe) 


P3.7 
RD (external 
data memory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 


vice. An internal 
pulldown 
resistor 
permits 
a power- 
on reset with only a capacitor 
connected 
to Vcc. 


ALE: Address 
Latch Enable output pulse for latching 


the low byte of the address 
during accesses 
to ex- 
ternal 
memory. 
This 
pin (ALE/PROG) 
is also 
the 


program 
pulse input during EPROM programming 
for 


the 87C51 FA. 


In normal 
operation 
ALE 
is emitted 
at a constant 


rate of % the oscillator 
frequency, 
and may be used 


for external 
timing or clocking 
purposes. 
Note, how- 


ever, that one ALE pulse is skipped 
during each ac- 


cess to external 
Data Memory. 


Throughout 
the 
remainder 
of this data 
sheet, 
ALE 


will refer to the signal coming out of the ALE/PROG 
pin, and the pin will be referred 
to as the ALE/PROG 


pin. 


PSEN: 
Program 
Store 
Enable 
is the read strobe 
to 


external 
Program 
Memory. 


When the 87C51 FA is executing 
code from external 


Program 
Memory, 
PSEN is activated 
twice each ma- 


chine 
cycle, 
except 
that two 
PSEN activations 
are 


skipped 
during each access to external 
Data Memo- 


ry. 


EAlVpp: 
External 
Access 
enable. 
EA 
must 
be 


strapped 
to VSS 
in order 
to enable 
the 
device 
to 


fetch code from external 
Program 
Memory 
locations 


OOOOHto 1FFFH. Note, however, 
that if either of the 


Program 
Lock bits are programmed, 
EA will be inter- 
nally latched 
on reset. 


EA should 
be strapped 
to Vcc 
for internal 
program 


executions. 


This pin also receives 
the programming 
supply volt- 


age (Vpp) during EPROM 
programming. 


XT AL 1: Input to the inverting 
oscillator 
amplifier. 


XTAL2: Output from the inverting 
oscillator 
amplifier. 


10-90 


XT AL 1 and XTAL2 are the input and output, 
respec- 


tively, 
of a inverting 
amplifier 
which 
can be config- 


ured for use as an on-chip 
oscillator, 
as shown 
in 


Figure 3. Either a quartz crystal or ceramic 
resonator 


may be used. More detailed 
information 
concerning 


the use of the on-chip 
oscillator 
is available 
in Appli- 


cation 
Note 
AP-155, 
"Oscillators 
for 
Microcontrol- 


lers." 


To drive the device 
from 
an external 
clock 
source, 


XT AL 1 should 
be 
driven, 
while 
XTAL2 
floats, 
as 


shown in Figure 4. There are no requirements 
on the 


duty cycle of the external 
clock 
signal, since the in- 


put to the internal 
clocking 
circuitry 
is through 
a di- 


vide-by-two 
flip-flop, 
but 
minimum 
and 
maximum 


high and low times specified 
on the data sheet must 


be observed. 


XTAL 1 


vss 


EXTERNAL 
OSCILLATOR 
SIGNAL 


The user's software 
can invoke the Idle Mode. When 


the microcontroller 
is in this mode, power consump- 


tion is reduced. 
The Special 
Function 
Registers 
and 


the onboard 
RAM retain their values during Idle, but 


the 
processor 
stops 
executing 
instructions. 
Idle 


Mode will be exited 
if the chip is reset or if an en- 


abled 
interrupt 
occurs. 
The PCA timer/counter 
can 


optionally 
be 
left 
running 
or 
paused 
during 
Idle 


Mode. 


inter 


To save even more power, a Power Down mode can 
be invoked by software. In this mode, the oscillator 
is stopped and the instruction that invoked Power 
Down is the last instruction executed. The on-chip 
RAM and Special Function Registers retain their val- 
ues until the Power Down mode is terminated. 


On the 87C51FA either a hardware reset or an ex- 
ternal interrupt can cause an exit from Power Down. 
Reset redefines all the SFRs but does not change 
the on-chip RAM. An external interrupt allows both 
the SFRs and on-chip RAM to retain their values. 
The interrupt must be enabled and configured as 
level sensitive. To properly terminate Power Down 
the reset or external interrupt should not be execut- 
ed before VCC is restored to its normal operating 
level, and must be held active long enough for the 
oscillator to restart and stabilize. 


• Ambient light is known to affect the internal RAM 


contents during operation. If the 87C51FA appli- 
cation requires the part to be run under ambient 
lighting, an opaque label should be placed over 
the window to exclude light. 


• When the idle mode is terminated by a hardware 


reset, the device normally resumes program exe- 
cution, from where it left off, up to two machine 
cycles before the internal reset algorithm takes 
control. On-chip hardware inhibits access to inter- 
nal RAM in this event, but access to the port pins 
is not inhibited. To eliminate the possibility of an 
unexpected write when Idle is terminated by re- 
set, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or 
to external memory. 


The ONCE ("On-Circuit Emulation") Mode facilitates 
testing 
and 
debugging 
of 
systems 
using 
the 


87C51FA without the 87C51FA having to be re- 
moved from the circuit. The ONCE Mode is invoked 
by: 
1) Pull ALE low while the device is in reset and 


PSEN is high; 


2) Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 pins 
go into a float state, and the other port pins and ALE 
and PSEN are weakly pulled high. The oscillator cir- 
cuit remains active. While the 87C51FA is in this 
mode, an emulator or test CPU can be used to drive 
the circuit. Normal operation is restored when a nor- 
mal reset is applied. 


Table 
1. Status of the External 
Pins during Idle and Power Down 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORn 
PORT2 
PORT3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


NOTE: 
For more 
detailed 
information 
on the reduced 
power 
modes 
refer to current 
Embedded 
Controller 
Handbook, 
and Applica- 
tion Note AP-252, 
"Designing 
with the 80C51BH." 


Ambient 
Temperature 
Under Bias .... 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage on EAlVpp 
Pin to Vss 
OV to + 13.0V 


Voltage on Any Other Pin to Vss 
.. - 0.5V to + 6.5V 


Power Dissipation 
1.5W 


(based on PACKAGE 
heat transfer 
limitations, 
not 


device 
power consumption) 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE' Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.2 Vcc-0.1 
V 


VlL1 
Input Low Voltage 
EA 
0 
0.2Vcc-0.3 
V 


VIH 
Input High Voltage 
0.2 Vcc+0.9 
Vcc+0.5 
V 


(Except XTAL2, RST, EA) 


VlH1 
Input High Voltage 
0.7Vcc 
Vcc+0.5 
V 


(XTAL, RST) 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA(1) 
(Ports 1, 2 and 3) 


Vou 
Output Low Voltage 
__ 
0.45 
V 
IOL = 3.2 mA(1) 
(Port 0, ALE/PROG, 
PSEN) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -60 
p-A 
(Ports 1, 2 and 3 
ALE/PROG 
and PSEN) 
0.9 Vcc 
- 
V 
IOH = -10 
p-A(2) 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -800 
p-A 


(Port 0 in External 
Bus Mode) 
0.9 Vcc 
V 
IOH = -80 
p-A(2) 


IlL 
Logical 0 Input Current 
-50 
p-A 
VIN = 0.45V 
(Ports 1, 2, and 3) 


III 
Input leaka~Current 
±10 
p-A 
VIN = VIL or VIH 
(Port 0 and EA) 


ITL 
Logical 1 to 0 Transition 
Current 
-650 
p-A 
VIN = 2V 
(Ports 1, 2, and 3) 


RRST 
RST Pulldown 
Resistor 
40 
225 
Kfi 


CIO 
Pin Capacitance 
10 
pF 
@1MHz,25°C 


Icc 
Power Supply Current: 
(Note 3) 
Running at 12 MHz (Figure 5) 
30 
mA 


Idle Mode at 12 MHz (Figure 5) 
7.5 
mA 


Power Down Mode 
100 
p-A 


NOTES: 
1. Capacitive 
loading 
on Ports a and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the 
VOLS 
of ALE and Ports 
1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port a and Port 2 pins when these 
pins make 
1 to 
a transitions 
during 
bus operations. 
In applications 
where 
capacitance 
loading 
exceeds 
100 pFs, the noise pulse on the ALE 
signal 
may exceed o.av. In these 
cases, 
it may be desirable 
to qualify 
ALE with a Schmitt 
Trigger, 
or use an Address 
Latch 
with a Schmitt 
Trigger 
Strobe 
input. 


2. Capacitive 
loading 
on Ports a and 2 cause 
the VOH on ALE and PSEN to drop below 
the 0.9 Vcc 
specification 
when 
the 
address 
lines are stabilizing. 


3. See Figures 
6-9 
for test conditions. 


Ice Max at other frequencies is given by: 
Active Mode 
Ice MAX ~ 2.2 x FREQ + 3.1 
Idle Mode 
Ice MAX ~ 0.49 X FREQ + 1.6 
Where FREQ is in MHz, IccMAX is given in mA. 


Vee-0.5· 
•••••• 
0.7 Vee 
0,45V 
0.2 Vee-0.1 
TCHCL 


vcc 


vee 
PO 


XTAL2 


XTAL1 
Vss 


Figure 9. Ice Test Condition, 
Power Down Mode. 


Vee 
= 2.0V to 5.5V. 


XTAL2 


XTAL1 


Vss 


inter 


L: Logic level LOW, or ALE 
P: PSEN 
Q: Output 
Data 
R: RD signal 
T: Time 
V: Valid 
W: WR signal 
X: No longer a valid logic level 
Z: Float 


Each timing symbol 
has 5 characters. 
The first char- 


acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 


characters, 
depending 
on their 
positions, 
stand 
for 


the 
name 
of a signal 
or the 
logical 
status 
of that 


signal. The following 
is a list of all the characters 
and 


what they stand for. 


A: Address 
C: Clock 
D: Input Data 
H: Logic level HIGH 
I: Instruction 
(program 
memory 
contents) 


TAVLL 
= Time from Address 
Valid to ALE Low 


TLLPL 
= Time from ALE Low to PSEN Low 


A.C. CHARACTERISTICS 
(TA = O·C to + 70·C, Vcc = 5V ± 10%, Vss = OV, Load Capacitance 
for 
Port 0, ALE/PROG 
and PSEN = 100 pF, Load Capacitance 
for All Other Outputs = 80 pF) 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 


Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
28 
TCLCL-55 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instruction 
In 
234 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
43 
TCLCL-40 
ns 


TPLPH 
PSEN Pulse Width 
205 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid Instruction 
In 
145 
3TCLCL-105 
ns 


TPXIX 
Input Instruction 
Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instruction 
Float After PSEN 
59 
TCLCL-25 
ns 


TAVIV 
Address 
to Valid Instruction 
In 
312 
5TCLCL-105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
Valid to WR Low 
203 
4TCLCL-130 
ns 


TQVWX 
Address 
Valid before WR 
23 
TCLCL-60 
ns 


TWHQX 
Data Hold after WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


inter 


TLLDV 
'I 


TRLRH 


A8-A 15 
fROM 
PCH 


270258-10 


inter 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 


Min 
Max 
Min 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1 
12TCLCL 
J.Ls 


TaVXH 
Output Data Setup to Clock 
700 
1OTCLCL - 133 
ns 
Rising Edge 


TXHQX 
Output Data Hold after 
50 
2TCLCL -117 
ns 
Clock Rising Edge 


TXHDX 
Input Data Hold After Clock 
0 
0 
ns 
Rising Edge 


TXHDV 
Clock Rising Edge to Input 
700 
1OTCLCL -133 
ns 
Data Valid 


Symbol 
Parameter 
Min 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


inter 


Input, Output Waveforms 


VCC-O.5-y 
0.2VCC+O.9 
)C 


0.45 V-A_O_.2_V_C_C_-_o._, 
---~. 


270258-14 


AC Inputs during testing are driven at Vcc-0.5V 
for a Logic "1" 


and OA5V for a Logic "0". Timing measurements are made at VIH 
min for a Logic "1" and VOL max for a Logic "0". 


Table 2 shows 
the logic levels for programming 
the 


Program 
Memory, 
the 
Encryption 
Table, 
and 
the 


Lock Bits and for reading the signature 
bytes. 


VOL+0.' 
V 


270258-15 


For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a 100 mV change from the loaded VOHIVOLlevel occurs. 
IOL/ioH;' 
±20 mA. 


Mode 
RST 
PSEN 
ALEI 
EAI 
P2.7 
P2.6 
P3.6 
P3.7 
PROG 
Vpp 


Program Code Data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Program Encryption 
Table 
1 
0 
O' 
Vpp 
1 
0 
0 
1 
Use Addresses 
0-1 FH 


Program Lock 
x=1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 
Bits (LBx) 
x=2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


NOTES: 
"1" 
= Valid high for that pin 


'0" 
= Valid low for that pin 


"VPP" 
= + 12. 75V ± 0.25V 


• ALE/PROG 
is pUlsed low for 100 /Ls for programming. 
(Quick-Pulse 
Programming™) 


To be programmed, 
the part must be running with a 


4 to 
6 MHz 
oscillator. 
(The 
reason 
the 
oscillator 


needs to be running 
is that the internal 
bus is being 


used to transfer 
address and program 
data to appro- 


priate internal 
EPROM locations.) 
The address 
of an 


EPROM 
location 
to be programmed 
is applied 
to 


Port 1 and pins P2,0 - P2.4 of Port 2, while the code 
byte to be programmed 
into that location 
is ~ 


to Port O. The other 
Port 2 and 3 pins, RST PSEN, 
and EAlVpp 
should be held at the "Program" 
levels 


indicated 
in Table 
2. ALE/PROG 
is pulsed 
low to 


program 
the code 
byte into the addressed 
EPROM 


location. 
The setup is shown 
in Figure 10. 


Normally 
EAlVpp 
is held at logic high un.!!!.Just be- 


fore 
ALE/PROG 
is to be pulsed. 
Then 
EAlVpp 
is 


raised 
to Vpp, ALE/PROG 
is pulsed 
low, and then 


EAlVpp 
is returned 
to a valid high voltage. 
The volt- 


age on the EAlVpp 
pin must be at the valid EAlVpp 


high level before 
a verify 
is attempted. 
Waveforms 


and detailed 
timing specifications 
are shown 
in later 


sections 
of this data sheet. 


Note that the EAlVpp 
pin must not be allowed 
to go 


above 
the 
maximum 
specified 
Vpp 
level 
for 
any 


amount of time. Even a narrow glitch above that volt· 
age level can cause 
permanent 
damage 
to the de- 


vice. The Vpp source 
should 
be well regulated 
and 


free of glitches. 


+5V 


VCC 


AO-A7 
Pl 
PO 


RST 
EAjVpp 


P3.6 
ALEjPROG 


87C51fA 
PSEN 


P3.7 
P2.7 


XTAL2 
P2.6 


Quick-Pulse 
Programming™ 
Algorithm 


The 87C51 FA can be programmed 
using the Quick- 


Pulse 
Programming™ 
Algorithm 
for 
microcontrol- 
lers. The features 
of the new programming 
method 


are a lower Vpp (12.75V as compared 
to 21V) and a 


shorter 
programming 
pulse. It is possible 
to program 


the entire 8K Bytes of EPROM 
memory 
in less than 


25 seconds 
with this algorithm! 


To program 
the part using the new algorithm, 
Vpp 


must be 12.75V 
±0.25V. 
ALE/PROG 
is pulsed 
low 


for 100 fJ-s, 25 times 
as shown 
in Figure 
11. Then, 


the by1e just programmed 
may be verified. 
After pro- 


gramming, 
the entire 
array 
should 
be verified. 
The 


Program 
Lock 
features 
are programmed 
using the 


same method, 
but with the setup as shown 
in Table 


2. The only difference 
in programming 
Program 
Lock 


features 
is that the Program Lock features 
cannot be 


directly 
verified. 
Instead, verification 
of programming 


is by observing 
that their features 
are enabled. 


Program Verification 


If 
the 
Program 
Lock 
Bits 
have 
not 
been 
pro- 


grammed, 
the on-chip 
Program Memory 
can be read 


out for verification 
purposes, 
if desired, 
either during 


or after the programming 
operation. 
The address 
of 


the Program 
Memory 
location 
to be read is applied 


to Port 1 and pins P2.0 - P2.4. The other pins should 
be held at the "Verify" 
levels 
indicated 
in Table 
3. 


The contents 
of the addressed 
locations 
will come 


out on Port O. External 
pullups are required on Port 0 


for this operation. 


If the Encryption 
Array in the EPROM 
has been pro- 


grammed, 
the data present 
at Port 0 will be Code 


Data XNOR 
Encryption 
Data. The user must 
know 


the 
Encryption 
Array 
contents 
to manually 
"unen- 


crypt" 
the data during verify. 


The setup, which is shown in Figure 12, is the same 
as for programming 
the EPROM except that pin P2.7 


is held at a logic low, or may be used as an active- 
low read strobe. 


inter 
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Vcc 


Pl 
PO 


RST 
EA/Vpp 


P3.6 
ALE/PROG 


87C51FA 
PSEN 


P3.7 
P2.7 


XTAL2 
P2.6 


inter 


The two-level Program Lock system consists of two 
Program Lock bits and a 32 byte Encryption Array 
which are used to protect the program memory 
against software piracy. 


Encryption 
Array 


Within the EPROM array are 32 bytes of Encryption 
Array that are initially unprogrammed (all 1's). Every 
time that a byte is addressed during a verify, 5 ad- 
dress lines are used to select a byte of the Encryp- 
tion Array. This byte is then exclusive-NOR'ed 
(XNOR) with the code byte, creating an Encrypted 
Verify byte. The algorithm, with the array in the un- 
programmed state (all 1's), will return the code in it's 
original, unmodified form. 


Program Lock Bits 


Also included in the EPROM Program Lock scheme 
are two Program Lock Bits which are programmed 
as shown in Table 2. 


Table 3 outlines the features of programming the 
Lock Bits. 


Erasing the EPROM also erases the Encryption Ar- 
ray and the Program Lock Bits, returning the part to 
full functionality. 


Reading the Signature 
Bytes 


The signature bytes are read by the same procedure 
as a normal verification of locations 030H and 031H, 
except that P3.6 and P3.7 need to be pulled to a 
logic low. The values returned are: 


(030H) = 89H indicates manufacture by Intel 
(031H) = 50H indicates 87C51FA 


Erasure of the EPROM begins to occur when the 
chip is exposed to light with wavelength shorter than 
approximately 4,000 Angstroms. Since sunlight and 
fluorescent lighting have wavelengths in this range, 
exposure to these light sources over an extended 
time (about 1 week in sunlight, or 3 years in room- 
level fluorescent lighting) could cause inadvertent 
erasure. If an application subjects the device to this 
type of exposure, it is suggested that an opaque la- 
bel be placed over the window. 


The recommended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an integrat- 
ed dose of at least 15 W-sec/ cm. Exposing the 
EPROM to an ultraviolet lamp of 12,000 p.W/cm rat- 
ing for 30 minutes, at a distance of about 1 inch, 
should be sufficient. 


Program 
Lock Bits 
Logic Enabled 
LB1 
LB2 


U 
U 
No Program Lock features enabled. (Code Verify will still be 
encrypted by the Encryption Array.) 


P 
U 
MOVC instructions executed from external program memory 
are disabled from fetching code bytes from internal memory, 
EA is sampled and latched on reset, and further programming 
of the EPROM is disabled. 


P 
P 
Same as above, but Verify is also disabled 


U 
P 
Reserved for Future Definition 


inter 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


(TA = 21°C to 2rc; 
vcc 
= 5V±0.25V; 
vss 
= OV) 


Symbol 
Parameter 
Min 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming 
Supply Current 
50 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TCLCL 
, 


TSHGL 
Vpp Setup to PROG Low 
10 
/Ls 


TGHSL 
Vpp Hold after PROG 
10 
/Ls 


TGLGH 
PROG Width 
90 
110 
/Ls 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
/Ls 


TDVGL- 


TAVGL 


TGHDX 


TGHAX 


TSHGLr---- 
TGLGH 


~ 
vpp 


---~-=.JTEHSH 


P2.7 --- 


TELQV1 
} 


0"'" 10'::'" 
UNIVERSAL COMMUNICATION 
CONTROLLER 
8-BIT MICROCOMPUTER 
WITH FACTORY 


MASK PROGRAMMABLE 
ROM 
80C152A 


UNIVERSAL COMMUNICATION 
CONTROLLER 


8-BIT MICROCOMPUTER 


• 
64KB Data Memory Addressing 


• 
256 Bytes On-Chip RAM 


• 
Dual On-Chip DMA Channels 


• 
Hold/Hold 
Acknowledge 


• 
Two General Purpose Timer/Counters 


• 
56 Special Function Registers 


• 
11 Interrupt Sources 


• 
Available in 48 Pin Dual·ln.Line Package 
and 68 Pin Surface Mount PLCC 
Package 


(See Packaging 
Spec. 
Order" 
231369) 


• 
Superset of 80C51BH Architecture 


• 
Multi-Protocol 
Serial Communication 
I/O Port (1.5 Mbps/2.4 Mbps Max) 
-SDLC 
-HDLC 
-CSMA/CD 
- 
User Definable Protocols 


• 
Full Duplex/Half 
Duplex 


• 
MCS®-51 Compatible UART 


• 
12 MHz Maximum Clock Frequency 


• 
Multiple Power Conservation 
Modes 


• 
64KB Program Memory Addressing 


The 80C152, 
which 
is based 
on the MCS@-51 CPU, is a highly 
integrated 
single-chip 
8-bit 
microcontroller 
designed 
for cost-sensitive, 
high-speed, 
serial communications. 
It is well suited for implementing 
Integrated 
Services 
Digital Networks 
(ISDN), emerging 
Local Area Networks, 
and user defined 
serial backplane 
applica- 
tions. In addition 
to the multi-protocol 
communication 
capability, 
the 80C152 
offers traditional 
microcontroller 
features 
for peripheral 
I/O interface 
and control. 


Silicon implementations 
are much more cost effective 
than multiwire 
cables found in board level parallel-to-se- 


rial and serial-to-parallel 
converters. 
The 83C152 
contains, 
in silicon, all the features 
needed 
for the serial-to- 
parallel 
conversion. 
Other 83C152 
benefits 
include: 
1) better 
noise immunity 
through 
differential 
signaling 
or 
fiber optic connections, 
2) data integrity utilizing the standard, 
designed 
in CRC checks, 
and 3) better modulari- 
ty of hardware 
and software 
designs. 
All of these-cost, 
network 
parameter 
and real estate 
improvements 
apply to 83C152 
serial links between 
boards or systems 
and 83C152 
serial links on a single board. 
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Pin # 
Pin Description 


DIP 
PLCC(1) 


48 
2 
Vcc-Supply 
voltage. 


24 
3,33(2) 
Vss-Circuit 
ground. 


18-21, 
27-30, 
Port o-Port 
0 is an 8-bit open drain bidirectional 
I/O port. As an output port each pin 
25-28 
34-37 
can sink 8 LS TTL inputs. Port 0 pins that have 1s written to them float, and in that 
state can be used as high-impedance 
inputs. 
Port 0 is also the multiplexed 
low-order 
address and data bus during accesses 
to 
external 
memory. 
In this application 
it uses strong internal pull ups when emitting 
1s. 


Port 0 also outputs the code bytes during program verification. 
External pullups are 
required during program verification. 


1-8 
4-11 
Port 1-Port 
1 is an 8-bit bidirectional 
I/O port with internal pullups. Port 1 pins that 
have 1s written to them are pulled high by the internal pullups, and in that state can be 
used as inputs. As inputs, Port 1 pins that are externally 
being pulled low will source 
current (IlL, on the data sheet) because 
of the internal 
pullups. 
Port 1 also serves the functions 
of various special features 
of the 8XC152, as listed 
below: 


Pin 
Name 
Alternate 
Function 


P1.0 
GRXD 
GSC data input pin 


P1.1 
GTXD 
GSC data output pin 


P1.2 
DEN 
GSC enable signal for an external 
driver 
P1.3 
TXC 
GSC input pin for external transmit 
clock 
P1.4 
RXC 
GSC input pin for external 
receive clock 
P1.5 
HLD 
DMA hold input/ output 
-- 
P1.6 
HLDA 
DMA hold acknowledge 
input/output 


29-36 
41-48 
Port 2-Port 
2 is an 8-bit bidirectionalI/O 
port with internal pullups. Port 2 pins that 
have 1s written to them are pulled high by the internal 
pull ups, and in that state can be 


I 
used as inputs. As inputs, Port 2 pins that are externally 
being pulled low will source 
current (IlL, on the data sheet) because 
of the internal pullups. 
Port 2 emits the high-order 
address 
byte during fetches 
from external 
Program 
Memory and during accesses 
to external 
Data Memory that use 16-bit addresses 
(MOVX 
@ DPTR and DMA operations). 
In this application 
it uses strong internal 
pull ups 
when emitting 
1s. 


During accesses 
to external 
Data Memory that use 8-bit addresses 
(MOVX 
@ Ri), 
Port 2 emits the contents 
of the P2 Special 
Function 
Register. 


Port 2 also receives 
the high,order 
address bits during program verification. 


10-17 
14-16, 
Port 3-Port 
3 is an 8-bit bidirectional 
I/O port with internal pullups. Port 3 pins that 
18,19, 
have 1s written to them are pulled high by the internal pullups, and in that state can be 
23-25 
used as inputs. As inputs, Port 3 pins that are externally 
being pulled low will source 
current 
(IlL, on the data sheet) because 
of the pullups. 
Port 3 also serves the functions 
of various special features 
of the MCS-51 Family, as 
listed below: 


Pin 
Name 
Alternate 
Function 


P3.0 
RXD 
Serial input line 


P3.1 
TXD 
Serial output line 


P3.2 
INTO 
External 
Interrupt 
0 


P3.3 
INT1 
External 
Interrupt 
1 


P3.4 
TO 
Timer 0 external 
input 
P3.5 
T1 
Timer 1 external 
input 
P3.6 
WR 
External 
Data Memory Write strobe 
P3.7 
RD 
External 
Data Memory 
Read strobe 


NOTES: 
1. N.C. pins on PLCC package 
may be connected 
to internal 
die and should 
not be used in customer 
applications. 


2. It is recommended 
that both Pin 3 and Pin 33 be grounded 
for PLCC devices. 


Pin # 
Pin Description 


47-40 
65-58 
Port 4-Port 
4 is an 8-bit bidirectional 
I/O port with internal pullups. Port 4 pins that 
have 1s written to them are pulled high by the internal pull ups, and in that state can 
be used as inputs. As inputs, Port 4 pins that are externally 
being pulled low will 
source current (IlL, on the data sheet) because 
of the internal 
pullups. In addition, 
Port 4 also receives 
the low-order 
address 
bytes during program verification. 


9 
13 
RST -Reset 
input. A logic low on this pin for three machine 
cycles while the 
oscillator 
is running resets the device. An internal 
pullup resistor permits a power-on 
reset to be generated 
using only an external capacitor 
to Vss. Although 
the GSC 
recognizes 
the reset after three machine 
cycles, data may continue 
to be 
transmitted 
for up to 4 machine cycles after Reset is first applied. 


38 
55 
ALE-Address 
Latch Enable output signal for latching the low byte of the address 
during accesses 
to external 
memory. 
In normal operation 
ALE is emitted 
at a constant 
rate of % the oscillator 
frequency, 
and may be used for external timing or clocking 
purposes. 
Note, 


however, 
that one ALE pulse is skipped during each access to external 
Data 
Memory. While in Reset, ALE remains at a constant 
high level. 


37 
54 
PSEN-Program 
Store Enable is the Read strobe to External 
Program Memory. 


When the 8XC152 is executing 
from external 
program 
memory, 
PSEN is active 
(low). When the device is executing 
code from External Program Memory, 
PSEN is 
activated 
twice each machine 
cycle, except that two PSEN activations 
are skipped 
during each access to External 
Data Memory. While in Reset, PSEN remains at a 
constant 
high level. 


39 
56 
EA-External 
Access 
enable. 
EA must be externally 
pulled low in order to enable 
the 8XC152 to fetch code from External 
Program Memory locations 
OOOOHto 
OFFFH. 
EA must be connected 
to Vcc for internal program 
execution. 


23 
32 
XTAL 1-lnput 
to the inverting 
oscillator 
amplifier 
and input to the internal clock 
generating 
circuits. 


22 
31 
XTAL2-0utput 
from the inverting oscillator 
amplifier. 


XT AL 1 and XTAL2 are the input and output, respec- 
tively, of an inverting 
amplifier 
which 
can be config- 


ured for use as an on-chip 
oscillator, 
as shown 
in 


Figure 3. 


To drive the device 
from 
an external 
clock 
source, 
XTAL 1 should 
be driven, while XTAL2 is left uncon- 
nected, 
as shown 
in Figure 4. There are no require- 
ments on the duty cycle of the external 
clock signal, 
since 
the 
input 
to the 
internal 
clocking 
circuitry 
is 


through 
a divide-by-two 
flip-flop, 
but minimum 
and 


maximum 
high and low times specified 
on the Data 


Sheet 
must be observed. 
EXTERNAL 
OSCILLATOR 
XTAL I 


SIGNAL 


In Idle Mode, the CPU puts itself to sleep while most 
of the on-chip peripherals remain active. The major 
peripherals that do not remain active during Idle, are 
the DMA channels. The Idle Mode is invoked by 
software. The content of the on-chip RAM and all 
the Special Function Registers remain unchanged 
during this mode. The Idle Mode can be terminated 
by any enabled interrupt or by a hardware reset. 


In Power Down Mode, the oscillator is stopped and 
all on-chip functions cease except that the on-chip 
RAM contents are maintained. The mode Power 
Down is invoked by software. The Power Down 
Mode can be terminated only by a hardware reset. 


Mode 
Program 
ALE 
PSEN 
Port 0 
Port 1 
Port 2 
Port 3 
Port 4 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 
Data 


NOTE: 
For more detailed information on the reduced power modes refer to the Embedded Controller Handbook, and Application 
Note AP-252, "Designing with the 80C51BH." 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias .... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage on Any pin to Vss 
.. -0.5V 
to (Vcc 
+ 0.5V) 


Voltage on Vcc to VSS 
-0.5V 
to +6.5V 


Power Dissipation 
1.0 W(7) 


NOTICE· Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 
(Note 
1) 


VIL 
Input Low Voltage 
-0.5 
0.2Vcc-0.1 
V 


(All Except EA) 


VIL1 
Input Low Voltage 
-0.5 
0.2Vcc-0.3 
V 


(EA) 


VIH 
Input High Voltage 
0.2Vcc+0.9 
Vcc+0.5 
V 


(ExceptXTAL1,RST) 


VIH1 
Input High Voltage 
0.7Vcc 
Vcc+0.5 
V 


(XTAL 1, RST) 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA 
(Ports 1, 2, 3, 4) 
(Note 2) 


VOl1 
Output Low Voltage 
0.45 
V 
IOL = 3.2 mA 
(Port 0, ALE, PSEN) 
(Note 2) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -60 
jJ.A 
(Ports 1, 2, 3, 4, 
Vcc = 5V ±10% 
ALE, PSEN) 
0.9Vcc 
V 
IOH = -10 
jJ.A 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -400 
jJ.A 
(Port 0 in External 
Vcc = 5V ±10% 
Bus Mode) 
0.9Vcc 
V 
IOH = - 40 jJ.A (Note 3) 


IlL 
Logical 0 Input 
-50 
jJ.A 
VIN = 0.45V 
Current (Ports 1, 2, 3, 4) 


ITL 
Logical 1 to 0 
-650 
jJ.A 
VIN = 2V 
Transition 
Current 
(Ports 1,2, 3, 4) 


III 
Input Leakage 
±10 
jJ.A 
0.45<VIN<VCC 


(Port 0, EA) 


RRST 
Reset Pullup Resistor 
40 
kfi 


inter 


NOTES: 
1. "Typicals" 
are based 
on samples 
taken 
from 
early manufacturing 
lots and are not guaranteed. 
The measurements 
were 
made with Vcc 
= 5V at room temperature. 
2. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise 
pulses 
to be superimposed 
on the VOLS of ALE and Ports 
1 and 3. The noise 
is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these 
pins make 
1- 
to-O transitions 
during bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100 pF), the noise pulse on the ALE pin may 
exceed 
0.8V. In such cases 
it may be desirable 
to qualify ALE with a Schmitt 
Trigger, 
or use an address 
latch with a Schmitt 
Trigger 
STROBE 
input. 


3. Capacitive 
loading 
on Ports 0 and 2 may cause 
the VOH on ALE and PSEN to momentarily 
fall below 
the 0.9Vcc 
specifi- 
cation 
when 
the address 
bits are stabilizing. 
4. Icc is measured 
with all output 
pins disconnected; 
XTAL 1 driven with TCLCH, 
TCHCL = 5 ns, '{u. = VSS + 0.5V, VIH = 


~ 
- 
0.5V; XTAL2 
N.C.; Port 0 pins connected 
to Vce:...:'Operating" 
current 
is measured 
with 
EA connected 
to Vcc 
and 
RST connected 
to Vss. 
"Idle" 
current 
is measured 
with EA connected 
to Vss, 
RST connected 
to Vcc 
and GSC inactive. 


5. The specifications 
relating 
to external 
data memory 
characteristics 
are also applicable 
to DMA operations. 


6. TaVWX 
should 
not be confused 
with TaVWX 
as specified 
for 80C51BH. 
On 80C152, 
TaVWX 
is measured 
from 
data 
valid to rising edge of WR. On 80C51 BH, TaVWX 
is measured 
from data valid to falling 
edge of WR. See timing 
diagrams. 


7. This value 
is based on the maximum 
allowable 
die temperature 
and the thermal 
resistance 
of the package. 


MAX lee (ACTIVE) 
= (2.24 
X FREQ) + 4.16 (Note 4) 
MAX lee (IDLE) = (0.8 
X FREQ) + 2.2 (Note 4) 


where 
FREQ is the external 
oscillator 
Frequency 
in Megahertz 
and lee Is In MiIIlamps 


MAX Ice 
(ACTIVE) (NOTE 4) 


TYPICAL Ice 
(ACTIVE) (NOTE 1) 


MAX Ice 
(IDLE) (NOTE 4) 


TYPICAL Ice 
IDLE (NOTE 1) 


A: 
Address. 


C: 
Clock 
D: 
Input data. 
H: 
Logic level ':lIGH. 


I: 
Instruction 
(program 
memory 
contents). 


L: 
Logic level LOW, or ALE. 


P: 
PSEN. 
Q: 
Output 
data. 


A: 
AEAD signal. 


T: 
Time. 


V: 
Valid. 


W: 
WAITE 
signal. 


X: 
No longer a valid logic level. 


Z: 
Float. 


Each timing symbol 
has 5 characters. 
The first char- 


acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 


characters, 
depending 
on their 
positions, 
stand 
for 


the 
name 
of a signal 
or the 
logical 
status 
of that 


signal. The following 
is a list of all the characters 
and 


what they stand for. 


TAVLL = Time for Address 
Valid to ALE Low. 


TLLPL 
= Time for ALE Low to PSEN Low. 


inter 


A.C. CHARACTERISTICS 
(TA = O·C to + 70·C; Vcc = 5V ± 10%; VSS = OV; Load Capacitance 
for 
Port 0, ALE, and PSEN = 100 pF; Load Capacitance 
for All Other Outputs 
= 80 pF) 


Symbol 
Parameter 
12 MHz 
Variable 
Oscillator 
Unit 


Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 


TLHLL 
ALE Pulse Width 
126 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
28 
TCLCL-55 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid 
233 
4TCLCL-100 
ns 
Instruction 
In 


TLLPL 
ALE Low to PSEN Low 
43 
TCLCL-40 
ns 


TPLPH 
PSEN Pulse Width 
205 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid 
145 
3TCLCL-105 
ns 
Instruction 
In 


TPXIX 
Input Instruction 
0 
0 
ns 
Hold After PSEN 


TPXIZ 
Input Instruction 
58 
TCLCL-25 
ns 
Float After PSEN 


TAVIV 
Address 
to Valid 
311 
5TCLCL-105 
ns 
Instruction 
In 


TPLAZ 
PSEN Low to Address 
10 


. 


10 
ns 
Float 


TALAH 
AD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WA Pulse Width 
. 
400 
6TCLCL-100 
ns 


TALDV 
AD Low to Valid 
251 
5TCLCL-165 
ns 
Data In 


TAHDX 
Data Hold After AD 
0 
0 
ns 


TAHDZ 
Data Float After AD 
96 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid 
516 
8TCLCL-150 
ns 
Data In 


TAVDV 
Address to Valid 
585 
9TCLCL-165 
ns 
Data In 


TLLWL 
ALE Low to AD or 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 
WA Low 


TAVWL 
Address 
to AD or 
203 
4TCLCL-130 
ns 
WA Low 


TQVWX 
Data Valid to WA 
333 
6TCLCL-167 
ns 
(Note 6) 
Transition 


TWHQX 
Data Hold After WA 
33 
TCLCL-50 
ns 


TALAZ 
AD Low to Address 
0 
0 
ns 
Float 


TWHLH 
AD or WA High to 
43 
123 
TCLCL-40 
TCLCL+40 
ns 
ALE High 


'I 
TRLRH 


TAVDV 


P2.0-P2.7 
OR A8-A 15 FROM DPH 


TAVWL 


P2.0-P2.7 
OR A8-A 15 FROM OPH 


Symbol 
Parameter 
Min 
Max 
Units 


1/TClCl 
Oscillator 
Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low 
Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


Symbol 
Parameter 
12 MHz 
Variable 
Oscillator 
Units 


Mln 
Max 
Min 
Max 


TXLXL 
Serial Port Clock Cycle 
1000 
12TCLCL 
ns 
Time 


TOVXH 
Output Data Setup to 
700 
10TCLCL-133 
ns 
Clock Rising Edge 


TXHOX 
Output Data Hold After 
50 
2TCLCL-117 
ns 
Clock Rising Edge 


TXHDX 
Input Data Hold After 
0 
0 
ns 
Clock Rising Edge 


TXHDV 
Clock Rising Edge to 
700 
10TCLCL-133 
ns 
Input Data Valid 


INSTRUCTION 
I 


ALE 


I 
WRITE 
TO 
SBUF 


INPUT 
DATA 


t 
SET 
RI 
270188-10 


V 


CC 


-0.5=x 
>C 


0.2 VCC+0.9 


0.2 Vcc-O.l 


0.45V 
-------- 


VLOAO+O.l 
V 
VOH-O.l 
V 


V 
LOAO 
TIMING RErERENcE...--- 


--- 
POINTS 
---... 


VLOAO-O.l V 
VOL+O.l V 


270188-12 


For Timing Purposes a Port Pin is no Longer Floating when a 100 
mV change from Load Voltage Occurs. and Begins to Float when 
a 100 mV change from the Loaded VOHIVOL Level occurs 
'OL/IOH ;, ± 20 mA 


AC Inputs During Testing are Driven at Vcc-0.5 
for a Logic "1" 
and OA5V for a Logic "0". Timing Measurements are made at V,H 
Min for a Logic "1" and V,L Max for a Logic "0". 


inter 


Symbol 
Parameter 
12 MHz (BAUD = 0) 
Variable 
Oscillator 
Unit 


Mln 
Max 
Min 
Max 


HBTJR 
Allowable 
jitter on 
0.058 
(0.125 
x 
/los 


the Receiver 
for % 
(BAUD+1)X 


bit time (Manchester 
8TCLCL) 
encoding 
only) 
-25 
ns 


FBTJR 
Allowable 
jitter on 
0.142 
(0.25 x 
/los 


the Receiver 
for one 
(BAUD+ 
1)X 


full bit time (NRZI 
8TCLCL) 
and Manchester) 
-25 
ns 


HBTJT 
Jitter of data from 
±35 
±35 
ns 
Transmitter 
for % 
bit time (Manchester 
encoding 
only) 


FBTJT 
Jitter of data from 
±70 
±70 
ns 
Transmitter 
for one 
full bit time (NRZI 
and Manchester) 


DRTR 
Data rise time for 
20 
20 
ns 
Receiver 
(Note 8) 


DFTR 
Data fall time for 
20 
20 
ns 
Receiver 
(Note 9) 


NOTES: 
8. Same as TCLCH, 
use External 
Clock 
Drive Waveform. 
9. Same 
as TCHCL, 
use External 
Clock 
Drive Waveform. 


I 


tolANCHESTER =:JK::::::::$::*$ 
: 


I 
I•.•••.••. 
' 
I 


I 
HBTJR 
I 


NRZI=:JK--------$ 
..,--X 


I 
'II 


I 
I 
$ x,---$---X::= 
GRxD 
.""'--""",.....-.--.... 
I 


FBTJR 
I 


,$ 
: 
GRxD 


I' 
I 
MANCHESTER 
=:JK 


I 
I 
NRZI=:JK 


I 


~*~ 
.---.--. 
HBTJT 


I 
I 
C=GTXD 
I 
I 
C=GTXD 


I 


Symbol 
Parameter 
12 MHz 
Variable 
Oscillator 
Unit 


Min 
Max 
Min 
Max 


1/ECBT 
GSC Frequency 
with an 
0.009 
2.4 
0.009 
1/5TClCl 
MHz 
External Clock 


ECH 
External Clock High 
197 
2TClCl 
ns 


+ 30 ns 


ECl 
External Clock low 
197 
2TClCl 
ns 


+ 30ns 


ECRT 
External Clock Rise 
20 
20 
ns 
Time (Note 8) 


ECFT 
External Clock Fall 
20 
20 
ns 
Time (Note 9) 


ECDVT 
External Clock to Data 
ns 
Valid Out - Transmit 
150 
150 
(to External Clock 
Negative 
Edge) 


ECDHT 
External Clock Data 
ns 
Hold - Transmit 
0 
0 


(to External Clock 
Negative 
Edge) 


ECDSR 
External Clock Data 
45 
45 
ns 
Set-up - Receiver 
(to External Clock 
Positive Edge) 


ECDHR 
External Clock to Data 
50 
50 
ns 
Hold - Receiver 
(to External Clock 
Positive Edge) 


I' 
ECBT 
'I 


1 
1 


~I 
{," 
"I 
/ 
X 
EXTERNALCLOCK 
\ 
: ",. 
~ 
"---ECL------: 
:.-- 
ECH~ 1------ 
1 
1 
....., 
:- 
ECDVT 
I 


TRANSMITDATA---:-X 
:)<'*'------------- 


ECDHT 
-+l 
:.--------------- 


-1'----- 
ECBT-----'I 


1 
1 


EXTERNALCLOCK~ 
.•• 
I 
1: 
\~I 
1 


: 
--; 
ECDSR'-ECDHR--; 


RECEIVEDATA::::::::::::X 
~",'" 
_-..... 
_-_-_-_-_-_-_-_-_-_-_-_-_-_-_--_-_-_--_-..... 
_-_-_- 
_-_-= 


inter 


NOTES ON THE OPERATION 
OF THE 


80C152A 


1. Current in Power Down Mode 


Typically, lee in Power Down Mode is about 
10 JJ-A. However, you may note under certain con- 
ditions an abnormally high lee, about 600 JJ-A, in 
Power Down. This is caused by an interaction be- 
tween internal signals local to the interrupt control 
system. The problem disappears once an inter- 
rupt, any interrupt, is requested and serviced. 
Therefore, if lee in Power Down is critical to the 
application, it is suggested that an interrupt be 
generated and exercised before Power Down is 
invoked. 


2. SDLC Flags While Idling 
In SDLC Mode, the GSC can be programmed to 
transmit 
SDLC 
flags 
between 
transmission 


frames. This is done by setting the GFIEN bit in 
PCON. When the GSC is so programmed, the 
DEN signal is asserted only during the actual 
transmission frame, not during the idle fill flags. In 
this case the DEN signal will normally not be used 
to enable the line driver, but is available for use as 
a positive indication that a transmission frame is 
in progress. 


3. Immediate Deactivation of DEN in CSMAlCD 


Mode 


CSMA/CD 
protocols typically require two bit- 


times of inactivity in the line to indicate an idle 
condition. Note, however, that the 80C152A deac- 
tivates DEN immediately at the end of the trans- 
mission frame. 


inter 
83C 152JA/83C 152JA·1 
UNIVERSAL COMMUNICATION 
CONTROLLER 
8-BIT MICROCOMPUTER 
WITH FACTORY MASKED 
PROGRAMMABLE 
ROM 


80C 152JA/80C 152JA·1 
UNIVERSAL COMMUNICATION 
CONTROLLER 


8-BIT MICROCOMPUTER 


80C 152JB/80C 152JB-1 
UNIVERSAL COMMUNICATION 
CONTROLLER 


8-BIT MICROCOMPUTER 
WITH EXTENDED I/O 


• 
Superset 
of 80C51 Architecture 


• 
Multi-Protocol 
Serial Communication 


I/O 
Port (2.048 Mbps/2.4 
Mbps Max) 
-SDLC 
-HDLC 
-CSMA/CD 
- 
User Definable 
Protocols 


• 
Full Duplex/Half 
Duplex 


• 
MCS@-51 Compatible 
UART 


• 
16.5 MHz Maximum 
Clock Frequency 


• 
Multiple 
Power Conservation 
Modes 


• 
64KB Program 
Memory 
Addressing 


• 
64KB Data Memory 
Addressing 


• 
256 Bytes On-Chip 
RAM 


• 
Dual On-Chip 
DMA Channels 


• 
Hold/Hold 
Acknowledge 


• 
Two General 
Purpose 
Timer/Counters 


• 
56 Special 
Function 
Registers 


• 
11 Interrupt 
Sources 


• 
Available 
in 48 Pin Dual-in-Line 
Package 
and 68 Pin Surface 
Mount PLCC 


Package 


(See 
Packaging 
Spec. 
Order 
# 231369) 


The 80C152, 
which 
is based 
on the MCS®-51 
CPU, is a highly 
integrated 
single-chip 
8-bit microcontroller 
designed 
for cost-sensitive, 
high-speed, 
serial communications. 
It is well suited for implementing 
Integrated 
Services 
Digital Networks 
(ISDN), emerging 
Local Area Networks, 
and user defined 
serial backplane 
applica- 
tions. In addition 
to the multi-protocol 
communication 
capability, 
the 80C152 
offers traditional 
microcontroller 
features 
for peripheral 
I/O interface 
and control. 


Silicon 
implementations 
are much more cost effective 
than multi-wire 
cables 
found 
in board level parallel-to- 
serial and serial-to-parallel 
converters. 
The 83C152 
contains, 
in silicon, all the features 
needed 
for the serial- 
to-parallel 
conversion. 
Other 83C152 
benefits 
include: 
1) better noise immunity through 
differential 
signaling 
or 
fiber optic connections, 
2) data integrity utilizing the standard, 
designed 
in CRC checks, 
and 3) better modulari- 
ty of hardware 
and software 
designs. 
All of these-cost, 
network 
parameter 
and real estate 
improvements- 


apply to 83C152 
serial links between 
boards or systems 
and 83C152 
serial links on a single board. 
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80C152JB 
General 
Description 


The 80C152JB is a ROMless extension of the 
80C152 Universal Communication controller. The 
80C152JB has the same five 8-bit I/O ports of the 
80C152, plus an additional two 8-bit I/O ports, Port 5 
and Port 6. The 80C152JB also has two additional 
control 
pins, EBEN (EPROM Bus ENable), and 


EPSEN (EPROM bus Program Store ENable). 


EBEN selects the functionality of Port 5 and Port 6. 
When EBEN is low, these ports are strictly I/O, simi- 
lar to Port 4. The SFR location for Port 5 is 91Hand 
Port 6 is OA1H. This means Port 5 and Port 6 are not 
bit addressable. With EBEN low, all program memo- 
ry fetches take place via Port 0 and Port 2. (The 
80C152 is a ROMless only product). When EBEN is 
high, Port 5 and Port 6 form an address/data bus 
called the E-Bus (EPROM-Bus)for program memory 
operations. 


EPSEN is used in conjunction with Port 5 and Port 6 
program memory operations. EPSEN functions like 
PSEN during program memory operation, but sup- 
ports Port 5 and Port 6. EPSEN is the read strobe to 
external program memory for Port 5 and Port 6. 
EPSEN is activated twice during each machine cycle 
unless an external data memory operation occurs on 
Port(s) 0 and Port 2. When external data memory is 
accessed 
the 
second 
activation 
of 
EPSEN is 


skipped, which is the same as when using PSEN. 
Note that data memory fetches cannot be made 
through Ports 5 and 6. 


When EBEN is high and EA is low, all program mem- 
ory operations take place via Ports 5 and 6. The high 
byte of the address goes out on Port 6, and the low 
byte is output on Port 5. ALE is still used to latch the 
address on Port 5. Next, the op code is read on Port 
5. The timing is the same as when using Ports 0 and 
2 for external program memory operations. 


EBEN 
EA 
Program 
PSEN 
EPSEN 
Comments 
Fetch via 


0 
0 
PO,P2 
Active 
Inactive 
Addresses O-OFFFFH 


0 
1 
N/A 
N/A 
N/A 
Invalid Combination 


1 
0 
P5,P6 
Inactive 
Active 
Addresses O-OFFFFH 


1 
1 
P5,P6 
Inactive 
Active 
Addresses 0-1 FFFH 


PO,P2 
Active 
Inactive 
Addresses ~ 2000H 
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Pin # 
Pin Description 


DIP 
PLCC(1) 


48 
2 
Vcc-Supply 
voltage. 


24 
3,33(2) 
Vss-Circuit 
ground. 


18-21, 
27-30, 
Port O-Port 
0 is an 8-bit open drain bidirectional 
I/O port. As an output port each pin 
25-28 
34-37 
can sink 8 LS TIL 
inputs. Port 0 pins that have 1s written to them float, and in that 
state can be used as high-impedance 
inputs. 
Port 0 is also the multiplexed 
low-order 
address and data bus during accesses 
to 
external 
program 
memory if EBEN is pulled low. During accesses 
to external 
Data 
Memory, 
Port 0 always emits the low-order 
address byte and serves as the multiplexed 
data bus. In these applications 
it uses strong internal 
pullups when emitting 
1s. 


Port 0 also outputs the code bytes during program 
verification. 
External pullups are 
required during program 
verification. 


1-8 
4-11 
Port 1-Port 
1 is an 8-bit bidirectionalI/O 
port with internal pullups. Port 1 pins that 


have 1s written to them are pulled high by the internal 
pullups, and in that state can be 


used as inputs. As inputs, Port 1 pins that are externally 
being pulled low will source 


current (Ill, on the data sheet) because 
of the internal pullups. 


Port 1 also serves the functions 
of various special features 
of the 8XC152, as listed 
below: 


Pin 
Name 
Alternate 
Function 


P1.0 
GRXD 
GSC data input pin 
P1.1 
GTXD 
GSC data output pin 
P1.2 
DEN 
GSC enable signal for an external driver 


P1.3 
TXC 
GSC input pin for external transmit 
clock 


P1.4 
~ 
RXC 
GSC input pin for external 
receive clock 


P1.5 
HLD 
DMA hold input/output 
-- 
P1.6 
HLDA 
DMA hold acknowledge 
input/output 


29-36 
41-48 
Port 2-Port 
2 is an 8-bit bidirectional 
I/O port with internal 
pullups. Port 2 pins that 


have 1s written to them are pulled high by the internal pullups, and in that state can be 
used as inputs. As inputs, Port 2 pins that are externally 
being pulled low will source 
current (Ill, on the data sheet) because 
of the internal pullups. 
Port 2 emits the high-order 
address 
byte during fetches 
from external 
Program 


Memory if EBEN is pulled low. During accesses 
to external 
Data Memory that use 16- 


bit addresses 
(MOVX 
@ DPTR and DMA operations), 
Port 2 emits the high-order 
address 
byte. In these applications 
it uses strong internal 
pullups when emitting 
1s. 


During accesses 
to external 
Data Memory that use 8-bit addresses 
(MOVX 
@ Ri), 


Port 2 emits the contents 
of the P2 Special Function 
Register. 


Port 2 also receives 
the high-order 
address 
bits during program verification. 


10- 17 
14-16, 
Port 3-Port 
3 is an 8-bit bidirectionalI/O 
port with internal pull ups. Port 3 pins that 


18,19, 
have 1s written to them are pulled high by the internal 
pullups, and in that state can be 
23-25 
used as inputs. As inputs, Port 3 pins that are externally 
being pulled low will source 


current (Ill, on the data sheet) because 
of the pull ups. 


Port 3 also serves the functions 
of various special features 
of the MCS-51 Family, as 
listed below: 


Pin 
Name 
Alternate 
Function 


P3.0 
RXD 
Serial input line 
P3.1 
TXD 
Serial output line 
P3.2 
INTO 
External 
Interrupt 0 
P3.3 
INT1 
External 
Interrupt 
1 
P3.4 
TO 
Timer 0 external 
input 
P3.5 
T1 
Timer 1 external 
input 
P3.6 
WR 
External Data Memory Write strobe 
P3.7 
RD 
External Data Memory Read strobe 


NOTES: 
1. N.C. pins on PlCC 
package 
may be connected 
to internal 
die and should 
not be used in customer 
applications. 
2. It is recommended 
that both Pin 3 and Pin 33 be grounded 
for PlCC 
devices. 


Pin # 
Pin Description 


47-40 
65-58 
Port 4-Port 
4 is an 8-bit bidirectional 
I/O port with internal pullups. Port 4 pins that 
have 1s written to them are pulled high by the internal pullups, and in that state can 
be used as inputs. As inputs, Port 4 pins that are externally 
being pulled low will 
source current (IlL, on the data sheet) because 
of the internal pullups. 
In addition, 
Port 4 also receives 
the low-order 
address bytes during program 
verification. 


9 
13 
RST -Reset 
input. A logic low on this pin for three machine 
cycles while the 
oscillator 
is running resets the device. An internal pullup resistor 
permits a power-on 
reset to be generated 
using only an external capacitor 
to Vss. Although 
the GSC 
recognizes 
the reset after three machine 
cycles, data may continue 
to be 
transmitted 
for up to 4 machine cycles after Reset is first applied. 


38 
55 
ALE-Address 
Latch Enable output signal for latching the low byte of the address 
during accesses 
to external 
memory. 


In normal operation 
ALE is emitted 
at a constant 
rate of % the oscillator 
frequency, 
and may be used for external timing or clocking 
purposes. 
Note, 


however, 
that one ALE pulse is skipped 
during each access to external 
Data 
Memory. While in Reset, ALE remains at a constant 
high level. 


37 
54 
PSEN-Program 
Store Enable is the Read strobe to External 
Program Memory. 


When the 8XC152 is executing 
from external 
program 
memory, 
PSEN is active 
(low). When the device is executing 
code from External 
Program Memory, 
PSEN is 
activated 
twice each machine cycle, except that two PSEN activations 
are skipped 
during each access to External 
Data Memory. While in Reset, PSEN remains at a 
constant 
high level. 


39 
56 
EA-External 
Access 
enable. 
EA must be externally 
pulled low in order to enable 
the 8XC152 to fetch code from External 
Program Memory locations 
OOOOH to 
OFFFH. 
EA must be connected 
to VCC for internal 
program execution. 


23 
32 
XTAL 1-lnput 
to the inverting 
oscillator 
amplifier 
and input to the internal clock 
generating 
circuits. 


22 
31 
XTAL2-0utput 
from the inverting oscillator 
amplifier. 


N/A 
17,20 
Port 5-Port 
5 is an 8-bit bidirectional 
I/O port with internal pullups. Port 5 pins that 
21,22 
have 1s written to them are pulled high by the internal pullups, and in that state can 
38,39 
be used as inputs. As inputs, Port 5 pins that are externally 
being pulled low will 
40,49 
source current (IlL, on the data sheet) because 
of the internal 
pullups. 
Port 5 is also the multiplexed 
low-order 
address and data bus during accesses 
to 
external 
program 
memory if EBEN is pulled high. In this application 
it uses strong 
pullups when emitting 
1s. 


N/A 
67,66 
Port 6-Port 
6 is an 8-bit bidirectional 
I/O port with internal pullups. Port 6 pins that 
52,57 
have 1s written to them are pulled high by the internal pullups, and in that state can 
50,68 
be used as inputs. As inputs, Port 6 pins that are externally 
pulled low will source 
1,51 
current (IlL, on the data sheet) because 
of the internal 
pullups. 
Port 6 emits the high-order 
address byte during fetches 
from external 
Program 
Memory if EBEN is pulled high. In this application 
it uses strong pullups when 
emitting 
1s. 


N/A 
12 
EBEN-E-Bus 
Enable input that designates 
whether 
program 
memory fetches 
take 
place via Ports 0 and 2 or Ports 5 and 6. Table 1 shows how the ports are used in 
conjunction 
with EBEN. 


53 
EPSEN-E-bus 
Program Store Enable is the Read strobe to external 
program 
memory when EBEN is high. Table 2 shows when EPSEN is used relative to PSEN 
depending 
on the status of EBEN and EA. 
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XTAL1 and XTAL2 are the input and output, respec- 
tively, of an inverting amplifier which can be config- 
ured for use as an on-chip oscillator, as shown in 
Figure 3. 


EXTERNAL 
OSCILLATOR 
SIGNAL 


To drive the device from an external clock source, 
XTAL1 should be driven, while XTAL2 is left uncon- 
nected, as shown in Figure 4. There are no require- 
ments on the duty cycle of the external clock signal, 
since the input to the internal clocking circuitry is 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the Data 
Sheet must be observed. 


In Idle Mode, the CPU puts itself to sleep while most 
of the on-chip peripherals remain active. The major 
peripherals that do not remain active during Idle, are 
the DMA channels. The Idle Mode is invoked by 
software. The content of the on-chip RAM and all 
the Special Function Registers remain unchanged 
during this mode. The Idle Mode can be terminated 
by any enabled interrupt or by a hardware reset. 


In Power Down Mode, the oscillator is stopped and 
all on-chip functions cease except that the on-chip 
RAM contents are maintained. The mode Power 
Down is invoked by software. The Power Down 
Mode can be terminated only by a hardware reset. 


Table 2. Status of the External 
Pins During Idle and Power Down Modes 


80C152JA/83C152JA 


Mode 
Program 
ALE 
PSEN 
Port 0 
Port 1 
Port 2 
Port 3 
Port 4 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 
Data 


Mode 
Instruction 
ALE 
PSEN 
EPSEN 
Port 0 
Port 1 
Port 2 
Port 3 Port 4 
Port 5 
Port 6 
Bus 


Idle 
PO,P2 
1 
1 
1 
Float 
Data 
Address 
Data 
Data 
OFFH 
OFFH 


Idle 
P5,P6 
1 
1 
1 
Data 
Data 
Data 
Data 
Data 
OFFH Address 


Power Down 
PO,P2 
0 
0 
1 
Float 
Data 
Data 
Data 
Data 
OFFH 
OFFH 


Power Down 
P5,P6 
0 
1 
0 
Data 
Data 
Data 
Data 
Data 
OFFH 
OFFH 


NOTE: 
For more 
detailed 
information 
on the reduced 
power 
modes 
refer to the Embedded 
Controller 
Handbook, 
and Application 
Note AP-252, 
"Designing 
with the 80C51BH." 
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•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


AmbientTemperature 
Under Bias .... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on Any pin to Vss 
.. -0.5V 
to (Vcc 
+ 0.5V) 


Voltage 
on VCCto VSS 
-0.5V 
to +6.5V 


Power Dissipation 
,.•........... 
1.0W(9) 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 
(Note 3) 


VIL 
Input Low Voltage 
-0.5 
0.2Vcc-0.1 
V 


(All Except EA, EBEN) 


VIL1 
Input Low Voltage 
-0.5 
0.2Vcc-0.3 
V 
(EA, EBEN) 


VIH 
Input High Voltage 
0.2Vcc+0.9 
Vcc+0.5 
V 


(Except XT AL 1, RST) 


VIH1 
Input High Voltage 
0.7Vce 
Vce+0.5 
V 
(XTAL 1, RST) 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 
1.6 mA 
(Ports 1, 2, 3, 4, 5, 6) 
(Note 4) 


Vou 
Output Low Voltage 
0.45 
V 
IOL = 3.2 mA 
(Port 0, ALE, PSEN, EPSEN) 
(Note 4) 


VOH 
Output High Voltage 
2.4 
V 
IOH = 
-60 
J.LA 


(Ports 1, 2, 3, 4, 5, 6 COMM9 
Vcc 
= 5V ±10% 
ALE, PSEN, EPSEN) 
0.9Vce 
V 
IOH = 
-10 
J.LA 


VOH1 
Output High Voltage 
2.4 
V 
IOH = 
-400 
J.LA 
(Port 0 in External 
Vce=5V±10% 


Bus Mode) 
0.9Vcc 
V 
IOH = 
- 40 J.LA (Note 5) 


IlL 
Logical 0 Input 
-50 
J.LA 
VIN = 0.45V 
Current (Ports 1, 2, 3, 4, 5, 6) 


ITL 
Logical 1 to 0 
-650 
J.LA 
VIN = 2V 
Transition 
Current 
(Ports 1, 2, 3, 4, 5, 6) 


III 
Input Leakage 
±10 
J.LA 
0.45<VIN<Vec 
(Port 0, EA) 


RRST 
Reset Pullup Resistor 
40 
kO 


IIH 
Logical 1 Input Current (EBEN) 
+60 
J.LA 


Ice 
Power Supply Current: 
Active (16.5 MHz) 
31 
41.1 
mA 
(Note 6) 
Idle (16.5 MHz) 
8 
15.4 
mA 
(Note 6) 
Power Down Mode 
10 
J.LA 
Vec 
= 2.0V to 5.5V 


NOTES: 
3. "Typicals" are based on samples taken from early manufacturing lots and are not guaranteed. The measurements were 
made with Vcc = 5V at room temperature. 
4. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLSof ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1- 
to-Otransitions during bus operations. In the worst cases (capacitive loading> 
100 pF), the noise pulse on the ALE pin may 
exceed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
5. Capacitive loading on Ports 0 and 2 may cause the VOHon ALE and PSEN to momentarily fall below the 0.9Vcc specifi- 
cation when the address bits are stabilizing. 
6. Icc is measured with all output pins disconnected; XTAL1 driven with TCLCH. TCHCL = 5 ns, '!'.lL. = Vss + 0.5V. VIH = 
~ 
- 
0.5V; XTAL2 N.C.; Port 0 pins connected to Vcc.:..:'Operating" current is measured with EA connected to Vcc and 
RST connected to Vss. "Idle" current is measured with EA connected to Vss, RST connected to Vcc and GSC inactive. 
7. The specifications relating to external data memory characteristics are also applicable to DMA operations. 
8. TQVWX should not be confused with TQVWX as specified for 80C51BH. On 80C152, TQVWX is measured from data 
valid to rising edge of WR. On 80C51BH. TQVWX is measured from data valid to falling edge of WR. See timing diagrams. 
9. This value is based on the maximum allowable die temperature and the thermal resistance of the package. 
10. All specifications relating to external program memory characteristics are applicable to: 
EPSEN for PSEN 
Port 5 for Port 0 
Port 6 for Port 2 
when EBEN is at a Logical 1 on the 80C152JB. 


MAX lee (ACTIVE) 
= (2.24 X FREQ) + 4.16 (Note 6) 
MAX lee (IDLE) 
= (0.8 X FREQ) + 2.2 (Note 6) 


TYPICAL 
Icc 


(ACTIVE) 
(NOTE 
1) 


TYPICAL 
Icc 
IDLE (NOTE 
1) 


Figure 5. lee vs Frequency 


I: 
Instruction 
(program 
memory 
contents). 


L: 
Logic level LOW, or ALE. 


P: 
PSEN. 


Q: 
Output 
data. 


R: 
READ signal. 


T: 
Time. 
V: 
Valid. 


W: 
WRITE 
signal. 


X: 
No longer a valid logic level. 


Z: 
Float. 


Each timing symbol 
has 5 characters. 
The first char- 


acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 


characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 


signal. The following 
is a list of all the characters 
and 


what they stand for. 


A: 
Address. 


C: 
Clock 
D: 
IniJut data. 


H: 
Logic level HIGH. 


TAVLL = Time for Address 
Valid to ALE Low. 


TLLPL 
= Time for ALE Low to PSEN Low. 
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A.C. CHARACTERISTICS 
(TA = O·C to + 70·C; vcc 
= 5V ± 10%; VSS = OV; Load Capacitance 
for 
Port 0, ALE, and PSEN = 100 pF; Load Capacitance 
for All Other Outputs = 80 pF) 


ADVANCE 
INFORMATION: 
SEE INTEL FOR DESIGN-IN 
INFORMATION 


EXTERNAL 
PROGRAM 
AND DATA MEMORY 
CHARACTERISTICS 
(Note 7, 10) 


Symbol 
Parameter 
16.5 MHz 
Variable 
Oscillator 
Unit 


Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 
80C152JA 
83C152JA 
80C152JB 


80C152JA-1 
3.5 
16.5 
MHz 
83C152JA-1 
80C152JB-1 


TLHLL 
ALE Pulse Width 
81 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
5 
TCLCL-55 
ns 


TLLAX 
Address 
Hold After ALE Low 
25 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid 
142 
4TCLCL-100 
ns 
Instruction 
In 


TLLPL 
ALE Low to PSEN Low 
20 
TCLCL-40 
ns 


TPLPH 
PSEN Pulse Width 
137 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid 
77 
3TCLCL-105 
ns 
Instruction 
In 


TPXIX 
Input Instruction 
0 
0 
ns 
Hold After PSEN 


TPXIZ 
Input Instruction 
35 
TCLCL-25 
ns 
Float After PSEN 


TAVIV 
Address 
to Valid 
198 
5TCLCL-105 
ns 
Instruction 
In 


TPLAZ 
PSEN Low to Address 
10 
10 
ns 
Float 


TALAH 
AD Pulse Width 
263 
6TCLCL-100 
ns 


TWLWH 
WA Pulse Width 
263 
6TCLCL-100 
ns 


TALDV 
AD Low to Valid 
138 
5TCLCL-165 
ns 
Data In 


TAHDX 
Data Hold After AD 
0 
0 
ns 


TAHDZ 
Data Float After AD 
51 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid 
335 
8TCLCL-150 
ns 
Data In 
t 


TAVDV 
Address 
to Valid 
380 
9TCLCL-165 
ns 
Data In 


TLLWL 
ALE Low to AD or 
132 
232 
3TCLCL-50 
3TCLCL+50 
ns 
WA Low 


TAVWL 
Address 
to AD or 
112 
4TCLCL-130 
ns 
WA Low 


TQVWX(8) 
Data Valid to WA 
196 
6TCLCL-167 
ns 
Transition 


TWHQX 
Data Hold After WA 
10 
TCLCL-50 
ns 


TALAZ 
AD Low to Address 
0 
0 
ns 
Float 


TWHLH 
AD or WA High to 
20 
100 
TCLCL-40 
TCLCL+40 
ns 
ALE High 


80C152JA/83C 
152JA/80C 
152JB 
~[Q)W~OO©(§ 
OOO~@~[M]~iJO@OO 


TLLDV-----,I 


TRLRH 


inter 
SOC 152JAlS3C 
152JA/SOC 
152JB 
~!IDWL~I!~©~ 
OOOIr@OO!i'vAl~jj'O@OO 


TAVWL 


P2.D-P2.? 
DR A8-A 15 FROM DPH 


Symbol 
Parameter 
Min 
Max 
Units 


1/TClCl 
Oscillator Frequency 
3.5 
16.5 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low Time 
20 
I 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


Symbol 
Parameter 
16.5 MHz 
Variable 
Oscillator 
Units 


Min 
Max 
Min 
Max 


TXLXL 
Serial Port Clock Cycle 
727 
12TCLCL 
ns 
Time 


TOVXH 
Output Data Setup to 
473 
10TCLCL-133 
ns 
Clock Rising Edge 


TXHOX 
Output Data Hold After 
4 
2TCLCL-117 
ns 
Clock Rising Edge 


TXHDX 
Input Data Hold After 
0 
0 
ns 
Clock Rising Edge 


TXHDV 
Clock Rising Edge to 
473 
10TCLCL-133 
ns 
Input Data Valid 


INSTRUCTION 
I 


ALE 


r-TQVXH~ 
r- 
TXHQX 
I 


~ 
1 
-.j ~ 
TXHD: 
-I TXHOV t 
I 
t 
WRITE TO SBur 


INPUT 
DATA 


t 
SET RI 
270431-12 


V 
cc-0.5=X 
>C 


0.2Vcc+0.9 


0.45 V 
__0._2_V_cc_-_0_.l 
••• 


VLOAO+O.lV 
VOH-O.l V 


VLOAO 
--- 
TIMING REFERENCE<=: 
-- 
POINTS 


VLOAO-O.l V 
VOL+0.1 V 


270431-14 


For Timing Purposes a Port Pin is no Longer Floating when a 
100 mV change from Load Voltage Occurs, and Begins to Float 
when a 100 mV change from the Loaded VOHIVOL Level occurs 
IOL/loH :> ± 20 mA. 


AC Inputs During Testing are Driven at VCC-0.5 for a Logic "1" 
and OA5V for a Logic "0". Timing Measurements are made at VIH 
Min for a Logic "1" and VIL Max for a Logic "0". 


80C 152JA/83C 
152JA/80C 
152JB ~[Q)W~OO©[g OOO~©OO[MJ~'iJO©OO 


Symbol 
Parameter 
16.5 MHz (BAUD = 0) 
Variable 
Oscillator 
Unit 


Min 
Max 
Min 
Max 


HBTJR 
Allowable 
jitter on 
0.0375 
(0.125 x 
IJ-s 
the Receiver for V2 
(BAIJD+ 
1)X 


bit time (Manchester 
8TCLCL) 


encoding 
only) 
-25 
ns 


FBTJR 
Allowable 
jitter on 
0.10 
(0.25 x 
IJ-s 
the Receiver 
for one 
(BAUD+ 
1)X 


full bit time (NRZI 
8TCLCL) 


and Manchester) 
-25 
ns 


HBTJT 
Jitter of data from 
±35 
±35 
ns 
Transmitter 
for % 
bit time (Manchester 
encoding 
only) 


FBTJT 
Jitter of data from 
±70 
±70 
ns 
Transmitter 
for one 


full bit time (NRZI 
and Manchester) 


DRTR 
Data rise time for 
20 
20 
ns 
Receiver(11 ) 


DFTR 
Data fall time for 
20 
20 
ns 
Receiver(12) 


NOTES: 
11. Same as TCLCH. 
use External 
Clock 
Drive Waveform. 


12. Same as TCHCL. 
use External 
Clock 
Drive Waveform. 


>+1'---- 
BT-----'1 


I 


MANCHESTER =:x_-_..... 
Z...' 01* Z 


I 
1---1--1 
I 


I 
HB~R 
I 


NRZI =:x-------Z-, --~ 


I 
", 


I 
I 


Z 
*--Z...,--x:= GRxD 


,.......----..,...--...., 
I 


F'BTJR 
I 


,Z 


inter 
SOC152JA/S3C152JAlSOC152JB 
&'[Q)W&'OO©~ 
OOO~@OOIMlb\'U'O@OO 


I' 
I 


t.4ANCHESTER=:x: 


I 
I 
NRZ'=:X: 


I 
~*~ 
.•..•i···. 


HBTJT 
~ * ~ 
..---.....,--. 


FBTJT 
.~ 


I 
I 
X::=GTXD 


I 
I 
X::=GTXD 


I 


Symbol 
Parameter 
16.5 MHz 
Variable 
Oscillator 
Unit 


Min 
Max 
Min 
Max 


1/ECBT 
GSC Frequency 
with an 
0.009 
2.4 
0.009 
FOSC x 0.145 
MHz 
External Clock 


ECH 
External Clock High 
155 
2TClCl 
ns 
+ 30 ns 


ECl 
External Clock low 
155 
2TClCl 
ns 


+ 30 ns 


ECRT 
External Clock Rise 
20 
20 
ns 
Time(11) 


ECFT 
External Clock Fall 
20 
20 
ns 
Time(12) 


ECDVT 
External Clock to Data 
ns 
Valid Out - Transmit 
150 
150 


(to External Clock 
Negative 
Edge) 


ECDHT 
External Clock Data 
ns 
Hold - Transmit 
0 
0 


(to External Clock 
Negative 
Edge) 


ECDSR 
External Clock Data 
45 
45 
ns 
Set-up - Receiver 
(to External Clock 
Positive Edge) 


ECDHR 
External Clock to Data 
50 
50 
ns 
Hold - Receiver 
(to External Clock 
Positive Edge) 


I' 
ECBT 
'I 


1 
1 
~I 
'/.'" 
\1 
/ 
~ 
EXTERNALCLOCK 
'\~ 
' , 
"\~._____ 
~ 
I----ECL~:___ 
ECH~ 
1 
1 


___ 
I... 
~ 
,: "'-_E_C_D_VT 
••••I 
_ 


TRANSt.4ITDATA 
: X 
:X... 
_ 


ECDHT~ 
:.- 


~I-----ECBT----- 
I 


EXTERNALCLOCK---XI... 
J. 
\ .•. 
1 
1 


I 
I 
L- 


1 


1 


RECEIVEDATA 
X..., 
~..----------------_ 


27C64/87C64 


64K (8K x 8) CHMOS PRODUCTION AND 
UV ERASABLE PROMS 


• 
High Performance Speeds 
-150 ns Maximum Access Time 


• 
New Quick-Pulse Programming™ 
Algorithm 
(1 second programming) 


• 
Available in 28-Pin Cerdip and Plastic 
DIP Package and 32-Lead PLCC 
Package. 


(See Packaging 
Spec. Order 
11'231369) 


• 
CHMOS Microcontroller 
and 


Microprocessor 
Compatible 


- 
87C64-lntegrated 
Address Latch 


- 
Universal 28 Pin Memory Site, 2-line 
Control 


• 
Low Power Consumption 
-100 ,....AMaximum Standby Current 


• 
Noise Immunity Features 
- 
± 10% Vcc Tolerance 


- 
Maximum Latch-up Immunity 
Through EPI Processing 


Intel's 27C64 and 87C64 CHMOS 
EPROMs 
are 64K bit 5V only memories 
organized 
as 8192 words of 8 bits. 
They employ 
advanced 
CHMOS*II-E 
circuitry 
for systems 
requiring 
low power, 
high performance 
speeds, 
and 
immunity 
to noise. The 87C64 
has been optimized 
for multiplexed 
bus microcontroller 
and microprocessor 
compatibility 
while 
the 27C64 
has a non-multiplexed 
addressing 
interface 
and is plug compatible 
with the 
standard 
Intel 2764A 
(HMOS 
II-E). 


The 27C64 and 87C64 are offered 
in both a ceramic 
DIP, Plastic DIP, and Plastic Leaded Chip Carrier (PLCC) 
Packages. 
Cerdip packages 
provide 
flexibility 
in prototyping 
and R&D environments, 
whereas 
Plastic DIP and 
PLCC EPROMs 
provide optimum 
cost effectiveness 
in production 
environments. 
A new Quick-Pulse 
Program- 


ming™ 
Algorithm 
is employed 
which 
can speed 
up programming 
by as much as one hundred 
times. 


The 
87C64 
incorporates 
an address 
latch 
on the address 
pins to minimize 
chip 
count 
in multiplexed 
bus 
systems. 
Designers 
can eliminate 
an external 
address 
latch 
by tieing 
address 
and data pins of the 87C64 
directy 
to the processor's 
multiplexed 
address/data 
pins. On the falling 
edge 
of the ALE input 
(ALE/CE), 
address 
information 
at the address 
inputs (Ao-A12) 
of the 87C64 is latched 
internally. 
The address 
inputs are 
then ignored 
as data information 
is passed 
on the same bus. 


The highest 
degree 
of protection 
against 
latch-up 
is achieved 
through 
Intel's 
unique EPI processing. 
Preven- 
tion of latch-up 
is provided 
for stresses 
up to 100 mA on address 
and data pins from 
-1 V to VCC + 1V. 


'HMOS 
and CHMOS 
are patented 
processes 
of Intel Corporation. 


OUTPUT 
ENABLE 
PROG LOGIC 


CHIP 
ENABLE 


ADDRESS 
LATCH 
EHABLE 


"o-A12 
ADDRESS 


INPUTS 


Shaded Areas 
represent the 87C64 version 
Figure 
1. Block 
Diagram 


inter 


27256 
27128 
2732A 
2716 


vpp 
vpp 


A'2 
A'2 
A7 
A7 
A7 
h 
As 
As 
A6 
As 
As 
As 
AS 
AS 
A_ 
A_ 
A_ 
A_ 


A3 
A3 
A3 
A3 


A2 
A2 
A2 
A2 
A, 
A, 
A, 
A, 


An 
An 
An 
An 


00 
00 
00 
00 
0, 
0, 
0, 
0, 
02 
02 
02 
02 
Gnd 
Gnd 
Gnd 
Gnd 


An-A,? 
ADDRESSES 


On-07 
OUTPUTS 


O£ 
OUTPUT ENABLE 


CE 
CHIP ENABLE 


ALE/1:£ 
ADDRESS LATCH ENABLE 


/CHIP ENABLE 


J5"GM 
PROGRAM STROBE 


N.C. 
NO CONNECT 


D.U. 
DONTUSE 


27C64/87C64 
P27C64/P87C64 


v" 
A" 
A, 


At 
' 
A, 


A, 
A, 


A, 


A, 
•• 
°0 
0, 
0, 
"". 


2716 
2732A 
27128 
27256 


Vce 
Vce 
J5Crn 
A,_ 


Vce 
Vce 
A'3 
A'3 


A6 
As 
As 
As 


Ag 
Ag 
Ag 
Ag 


Vpp 
Al1 
Al1 
Al1 
1lE 
1lElVpp 
1lE 
1lE 


A,. 
A,o 
A,. 
A,. 
cr 
cr 
cr 
cr 


07 
07 
07 
07 


06 
06 
06 
06 


Os 
Os 
Os 
Os 


D_ 
O_ 
D_ 
O_ 


03 
03 
03 
03 


NOTE: 
Intel "Universal 
Site" 
Compatible 
EPROM 
Pin Configurations 
are shown 
in the adjacent 
blocks 
to 27C64 
Pins. 


ShadedAreas 
representthe87C64version 
Figure 2. Pin Configuration 


N27J11C14 
8U 8 
A7 
A12 
v,. 
DU 
va: 
PGII 
He 


N27128A 
'IKXI 
I 
I 
I 
I 
I 
PGII 
AU 


N27~ 
32KU 
I 
I 
I 
I 
I 
A14 
AU 
..--- II 
II 
I lnnn 


U-f--IC 
5 


4 
3 
2 
1 
32 
31 
30 
0 
29 
-I-- 
AI 


.u -f--IF 
6 
28 
-r- At 


u- f--II 
7 
27 -r- Al1 


A3 - f--II 
8 
32 PIN PLCC 
26 
I- 
I-- 
NC 


A2 - f--II 
9 
0.450" 
X 0.550" 
25 
1- r- 
OE 
(11.430 
X 13.970) 


Al - -I 
10 
(t.4ILLIt.4ETERS) 
24 
, 
-I 
TOP VIEW 
--., 
~ i 
AD - 
11 
23 --' 


NC - -I 
12 
22 
1- - 
07 


00 - -I 
13 
21 
1- - 
06 


14 
15 
16 
17 
18 
19 
20 
I 
I 
IL 
I 
I 
t 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


0' 
02 
ONO 
DU 
03 
0_ 
05 


Figure 3. PLCC(N) Lead Configuration 
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Extended 
Temperature 
(Express) 


EPROMs 


The 
Intel 
EXPRESS 
EPROM 
family 
is a series 
of 
electrically 
programmable 
read only memories 
which 


have 
received 
additional 
processing 
to 
enhance 


product 
characteristics. 
EXPRESS 
processing 
is 


available 
for several 
densities 
of EPROM, 
allowing 


the choice of appropriate 
memory size to match sys- 
tem applications. 


EXPRESS 
EPROM 
products 
are available 
with 168 


± 8 hour, 
125°C dynamic 
burn-in 
using Intel's 
stan- 
dard 
bias 
configuration. 
This 
process 
exceeds 
or 


meets 
most 
industry 
specifications 
of burn-in. 
The 


standard 
EXPRESS 
EPROM 
operating 
temperature 
range 
is O°C to 70°C. Extended 
operating 
tempera- 
ture 
range 
(- 
40°C to 
+ 85°C) 
EXPRESS 
products 


are 
available 
along 
with 
automotive 
temperature 


range 
(- 
40°C to 
+ 125°C) 
products. 
Like all Intel 


EPROMs, 
the EXPRESS EPROM family is inspected 


to 0.1 % electrical 
AaL. 
This may allow the user to 


reduce 
or eliminate 
incoming 
inspection 
testing. 


EXPRESS EPROM Product Family 


PRODUCT 
DEFINITIONS 


Type 
Operating 
Burn-in 125°C (hr) 
Temperature 
eC) 


a 
o to +70 
168 ±8 


T 
-40 
to +85 
NONE 


L 
-40 
to +85 
168 ±8 


A 
-40 
to + 125 
NONE 


B 
-40 
to + 125 
168 ±8 


EXPRESS Options 
27C64/87C64 
Versions 


Packaging 
Options 


Speed 
Cerdip 
PLCC 
Plastic 


Versions 
DIP 
-1 
T, L,a 
T 
T 
-15 
T, L,a 
T 
T 
-2 
T, L,a, 
A, B 
T,A 
T,A 
-20 
T,L,a,A 
T 
T 
-STD 
T, L,a, 
A, B 
T,A 
T,A 
-25 
T,L,a,A 
T 
T 
-3 
T, L, a, A, B 
T,A 
T,A 
-30 
T, L,a,A 
T 
T 
READ OPERATION 


D.C. CHARACTERISTICS 
Electrical 
Parameters 
of EXPRESS 
EPROM products 
are identical 
to standard 
EPROM parameters 
except for: 


27C64 


Symbol 
Parameter 
87C64 
Test Conditions 


Min 
Max 


IS8 
Vcc Standby Current (mA) 
CMOS 
0.1 
CE = Vcc,OE 
= VIL 


TTL 
1.0 
CE = VIH, OE = VIL 


ICC1(1) 
Vcc Active Current (mA) 
TTL 
20,30 
OE = CE = VIL 


Vcc Active Current at 
TTL 
20,30 
OE = CE = VIL 
High Temperature 
Vpp = Vcc, Tambient = 85°C 


NOTE: 
1. See notes 4 and 6 of Read Operation D.C. Characteristics. 


DE = +sv 
vpp = +sv 


290000-13 
vcc = +sv 
CE = 33.3 KHz 


R ~ 
1 Kfi 


GND 
~ OV 


PGM 
~ 
+5V 


30 ~s 
H 
AoJLJ"Lr 
:'..JL.J 


Burn-In Bias and Timing Diagrams 


10-135 


inter 


ABSOLUTE 
MAXIMUM 
RATINGS· 
Operating 
Temperature 
During Read 
O·C to + 70·C(2) 


Temperature 
Under Bias 
-1 O·C to + 80·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage on Any Pin with 
Respect 
to Ground 
-2.0V 
to 7V(1) 


Voltage 
on Pin Ag with 
Respect 
to Ground 
- 2.0V to + 13.5V(1) 


Vpp Supply Voltage with Respect to Ground 


During Programming 
-2.0V 
to + 14V(1) 


Vcc Supply Voltage with 
Respect 
to Ground 
- 2.0V to + 7.0V(1) 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Symbol 
Parameter 
Notes 
Min 
Typ(3) 
Max 
Unit 
Test Condition 


III 
Input Leakage Current 
0.01 
1.0 
JJ.A VIN = OV to 5.5V 


ILO 
Output Leakage Current 
±10 
JJ.A VOUT = OV to 5.5V 


IpP1 
Vpp Current Read 
6 
100 
JJ.A Vpp = Vcc 


IS8 
Vcc Current Standby 
ICMOS 
5 
100 
JJ.A CE = Vcc 
with Inputs- 
ITIL 
4 
1.0 
mA CE = VIH 


ICC1 
Vcc Current Active 
4,6 
20,30 
mA CE = VIL 


f = 5 MHz, lOUT = 0 mA 


VIL 
Input Low Voltage 
(± 10% Supply) 
-0.5 
0.8 


(TIL) 


V 
Vpp = VCC 
Input Low Voltage 
-0.2 
0.2 


(CMOS) 


VIH 
Input High Voltage( 
± 10% Supply) 
2.0 
VCC+0.5 


(TIL) 


V 
Vpp = VCC 
Input High Voltage 
Vcc-0.2 
Vcc+0.2 


(CMOS) 


VOL 
Output Low Voltage 
0.45 
V 
10L=2.1 
mA 


VOH 
Output 
High Voltage 
3.5 
V 
10H= -2.5 
mA 
'os 
Output Short Circuit Current 
7 
100 
mA 


Vpp 
Vpp Read Voltage 
8 
Vcc-0.7 
Vcc 
V 


NOTES: 
1. Minimum D.C. input voltage is - 0.5V. During transitions, 
the inputs may undershoot to -2.0V 
for periods less than 


20 
ns. 
Maximum 
D.C. 
Voltage 
on 
output 
pins 
is 


Vee + 0.5V which may overshoot to Vee + 2V for periods 
less than 20 ns. 
2. Operating temperature is for commercial product defined 
by this specification. Ex1ended temperature options are 
available in EXPRESSand Military version. 
3. Typical limits are at Vee = 5V, TA = +25·C. 
4. 20 mA for STD and - 3 versions; 30 mA for - 2 and 
150 ns versions. 
VIL, VIH levels at TTL inputs. 


5. ALE/CE or CE is Vee ± 0.2V. All other inputs can have 
any value within spec. 
6. Maximum Active power usage is the sum Ipp + Ice. The 
maximum current value is with Outputs 00 to 07 unloaded. 
7. Output shorted for no more than one second. No more 
than one output shorted at a time. los is sampled but not 
100% tested. 
8. Vpp may be one diode voltage drop below Vee. It may 
be connected directly to Vee. 


inter 


27C64-1 
27C64-2 
27C64 
27C64-3 
VCC ±5% 
N27C64-1 
N27C64-2 
N27C64 
N27C64-3 


P27C64-1 
P27C64-2 


Versions 
(3) 


Vcc 
±10% 


27C64-15 
27C64-20 
27C64-25 
27C64-30 
Unit 


N27C64-15 
N27C64-20 


P27C64-15 
P27C64-20 
N27C64-25 
N27C64-30 


Symbol 
Characteristic 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tACC 
Address 
to Output 
Delay 
150 
200 
250 
300 
ns 


tCE 
CE to Output 
Delay 
150 
200 
250 
300 
ns 


tOE 
OE to Output 
Delay 
75 
75 
100 
120 
ns 


tOF(2) 
OE High to Output 
High Z 
35 
55 
60 
105 
ns 


tOH(2) 
Output 
Hold from Addresses, 
CE 
0 
0 
0 
0 
ns 


or OE Change-Whichever 
is First 


NOTES: 
1. A.C. characteristics 
tested 
at VIH = 2.4V and VIL = 0.45V. 
Timing 
measurements 
made at VOL = O.BV and VOH = 2.0V. 
2. Guaranteed 
and sampled. 


3. Model 
Number 
Prefixes: 
No prefix = Cerdip; 
P = Plastic 
DIP; N = PLCC. 


NOTES: 
1. Typical 
values 
are for TA = 25·C and nominal 
supply voltages. 
2. This parameter 
is only sampled 
and is not 100% 
tested. 


3. OE may be delayed 
up to tCE-tOE 
after the falling 
edge of CE without 
impact 
on tCE. 


- 
- 


87C64-1 
87C64-2 
87C64 
87C64-3 


VCC ±5% 
N87C64-1 
N87C64-2 
N87C64 
N87C64-3 
Versions 
(3) 
P87C64-1 
P87C64-2 


87C64·15 
87C64-20 
87C64-25 
87C64-30 
Unit 


Vcc 
±10% 
N87C64-15 
N87C64·20 
N87C64·25 
N87C64-30 
P87C64-15 
P87C64-20 


Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tLL 
Chip Deselect 
Width 
50 
50 
60 
75 
ns 


tAL 
Address 
to CE-Latch 
Set-up 
7 
20 
25 
30 
ns 


tLA 
Address 
Hold from CE-LA TCH 
30 
45 
50 
60 
ns 


tACL 
CE-Latch 
Access 
Time 
150 
200 
250 
300 
ns 


tOE 
Output 
Enable to Output Valid 
75 
75 
100 
120 
ns 


tCOE 
ALE/CE 
to Output 
Enable 
30 
45 
50 
60 
ns 


tCHZ(2) 
Chip Deselect 
to Outputin 
High Z 
45 
50 
60 
75 
ns 


tOHZ(2) 
Output 
Disable to Output 
35 
50 
60 
75 
ns 
in High Z 


NOTES: 
1. A.C. characteristics 
tested 
at VIH = 2.4V and VIL = 0.45V. 
Timing 
measurements 
made at VOL = O.BV and VOH = 2.0V. 
2. Guaranteed 
and sampled. 
3. Model 
Number 
Prefixes: 
No prefix 
= Cerdip; 
P = Plastic 
DIP; N = PLCC. 


_____ -__tC_O'=itOE 
_ 
CtOHZ 
OE 
r---- 
----------' 


Symbol 
Parameter 
Max 
Unit 
Conditions 


CIN 
Address/ 
Control Capacitance 
6 
pF 
VIN = OV 


COUT 
Output Capacitance 
12 
pF 
VOUT = OV 


NOTE: 
t. Sampled. 
Not 100% 
tested. 


..!-~ 


L ~ IN'" 


3.3KO 


DEVICE 
UNDER 
OUT 


TEST 


Cl-100pF 
I 


290000-3 


CL ~ 
100 pF 


CL Includes 
Jig Capacitance 


2.0> 
2.0 


TEST POINTS 
OUTPUT 


0.8 
0.8 


A.C. Testing: 
Inputs 
are driven 
at 2.4V for a Logic 
"1"and 
0.45V 
for 
a Logic 
"0". 
Timing 
measurements 
are 
made 
at 2.0V 
for 
a 
logic 
"1" 
and O.BV for a Logic 
"0". 


The 
modes 
of operation 
of the 
27C64/87C64 
are 


listed 
in Table 
1. A single 
5V power 
supply 
is re- 
quired 
in the read mode. 
All inputs 
are TTL levels 


except for Vpp and 12V on Ag for inteligent 
Identifier 


mode . 


., 


Pins 
ALE/CE 
PGM 
Vpp 
OE 
Ag 
Ao 
Vcc 
Outputs 
Mode 
CE 
(7) 
(7) 


Read 
VIL 
VIL 
VIH 
Xll) 
X 
VCC 
5.0V 
DOUT 


Output Disable 
VIL 
VIH 
VIH 
X 
X 
Vcc 
5.0V 
HighZ 


Standby 
VIH 
X 
X 
X 
X 
Vcc 
5.0V 
HighZ 


Programming 
VIL 
VIH 
VIL 
X 
X 
(4) 
(4) 
DIN 


Program Verify 
VIL 
VIL 
VIH 
X 
X 
(4) 
(4) 
DOUT 


Program Inhibit 
VIH 
X 
X 
X 
X 
(4) 
(4) 
HIGHZ 


inteligent 
Identifier(3) 
VIL 
VIL 
VIH 
VH(2) 
VIL 
Vcc 
VCC 
89 H (6) 
-Manufacturer 
88 H (6) 


inteligent 
Identifier(3) 
VIL 
VIL 
VIH 
VH(2) 
VIH 
VCC 
VCC 
07 H 
-27C64 


inteligent 
Identifier(3, 5) 
VIL 
VIL 
VIH 
VH(2) 
VIH 
Vcc 
Vcc 
37 H 


-87C64 


NOTES: 
1. X can be VIL or VIH. 
2. VH = 12.0V ± O.5V. 
3. A1-Ae, AlO-12 = VIL. 
4. See Table 2 for Vcc and Vpp voltages. 
5. ALE/CE has to be toggled in order to latch in the addresses and read the signature codes. 
6. The Manufacturer's identifier reads 69H for Cerdip devices; 66H for Plastic DIP and PLCC devices. 
7. In Read Mode tie PGM and Vpp to Vcc. 


The 27C64 
has two control 
functions, 
both of which 


must be logically 
active in order to obtain data at the 


outputs. 
Chip Enable 
(CE) is the power 
control 
and 


should 
be used for device 
selection. 
Output 
enable 


(DE) 
is the 
output 
control 
and 
should 
be used 
to 


gate data from 
the output 
pins. Assuming 
that 
ad- 


dresses 
are stable, 
the address 
access 
time (tACe) 


is equal to the delay from CE to output 
(tcE). Data is 


available 
at the ~tputs 
after a del~f 
tOE from the 


falling 
edge of DE, assuming 
that CE has been low 


and 
addresses 
have 
been 
stable 
for 
at 
least 


tACC-tOE· 


The 
87C64 
was designed 
to reduce 
the 
hardware 


interface 
requirements 
when incorporated 
in proces- 


sor systems 
with multiplexed 
address-data 
busses. 


Chip count 
(and therefore 
power 
and board 
space) 


can be minimized 
when 
the 87C64 
is designed 
as 


shown 
in Figure 4. The processor's 
multiplexed 
bus 


(ADo-7) is tied to both address 
and data pins of the 


87C64. All address 
inputs of the 87C64 are latched 


when 
ALE/CE 
is brought 
low, thus eliminating 
the 


need for a separate 
address 
latch. 


intJ 


The 87C64 internal address latch is directly enabled 
through the use of the ALE/CE line. As the transition 
occurs on the ALE/CE from the TIL high to the low 
state, the last address presented at the address pins 
is retained. Data is then enabled onto the bus from 
the EPROM by the OE pin. 


Figure 4. 80C31 with 87C64 


System 
Configuration 


The 27C64 and 87C64 have Standby modes which 
reduce the maximum Vee current to 100 pA Both 
are placed in the Standby mode when CE or 
ALE/CE are in the CMOS-high state. When in the 
Standby mode, the outputs are in a high impedance 
state, independent of the OE input. 


Because EPROMs are usually used in larger memo- 
ry arrays, Intel has provided 2 control lines which 
accommodate this multiple memory connection. The 
two control lines allow for: 
a) the lowest possible memory power dissipation, 
and 
b) complete assurance that output bus contention 


will not occur. 


To use these two control lines most efficiently, CE 
(or ALE/CE) should be decoded and used as the 
primary device selecting function, while OE should 
be made a common connection to all devices in the 
array and connected to the READ line from the sys- 
tem control bus. This assures that all deselected 
memory devices are in their low power standby 
mode and that the output pins are active only when 
data is desired from a particular memory device. 


The power switching characteristics of EPROMs re- 
quire careful decoupling of the devices. The supply 
current, Ice, has three segments that are of interest 
to the system designer-the 
standby current level, 


the active current level, and the transient current 
peaks that are produced by the falling and rising 
edges of Chip Enable. The magnitude of these tran- 
sient and inductive current peaks is dependent on 
the output capacitive and inductive loading of the 
device. The associated transient voltage peaks can 
be suppressed by complying with Intel's Two-Line 
Control, and by properly selected decoupling capaci- 
tors. It is recommended that a 0.1 JJ-F ceramic ca- 
pacitor be used on every device between Vee and 
GND. This should be a high frequency capacitor for 
low inherent inductance and should be placed as 
close to the device as possible. In addition, a 4.7 JJ-F 
bulk electrolytic capacitor should be used between 
Vee and GND for every eight devices. The bulk ca- 
pacitor should be located near where the power sup- 
ply is connected to the array. The purpose of the 
bulk capacitor is to overcome the voltage droop 
caused by the inductive effect of PC board-traces. 


Caution: Exceeding 14V on Vpp will permanently 
damage the device. 


Initially, and after each erasure, all bits of the 
EPROM are in the "1" state. Data is introduced by 
selectively programming "Os" into the desired bit lo- 
cations. Although only "Os" will be programmed, 
both "1s" and "Os" can be present in the data word. 
The only way to change a "0" to a "1" is by ultravio- 
let light erasure. 


The device is in the programming mode when Vpp is 
raised to its programming voltage (See Table 2) and 
CE (or ALE/CE) and PGM are both at TIL low and 
OE = VIH.The data to be programmed is applied 8 
bits in parallel to the data output pins. The levels 
required for the address and data inputs are TIL. 


Programming of multiple EPROMS in parallel with 
different data is easily accomplished by using the 
Program Inhibit mode. A high-level CE (or ALE/CE) 
or PGM input inhibits the other devices from being 
programmed. 


inter 


Except for CE (or ALE/CE), 
all like inputs (including 


OE) of the parallel EPROMs 
may be common. 
A TTL 


low-level 
pulse applied to the PGM input with Vpp at 


its programming 
voltage 
and CE (or ALE/CE) 
= VIL 


will program 
the selected 
device. 


Program Verify 


A verify 
(read) 
should 
be 
performed 
on 
the 
pro- 
grammed 
bits to determine 
that they have been cor- 
rectlurogrammed. 
The verify~erformed 
with OE 


and CE (or ALE/CE) 
at VIL, PGM at VIH, and Vcc 


and Vpp at their programming 
voltages. 
Data should 


be verified 
a minimum 
of tOE after the falling edge of 


OE. 


inteligent 
Identifier™ 
Mode 


The inteligent 
Identifier 
Mode allows the reading out 


of a binary code from an EPROM that will identify its 
manufacturer 
and type. 
This 
mode 
is intended 
for 


use by programming 
equipment 
for the purpose 
of 


automatically 
matching 
the 
device 
to 
be 
pro- 
grammed 
with its corresponding 
programming 
algo- 
rithm. This mode is functional 
in the 25°C ± 5°C am- 


bient temperature 
range 
that is required 
when 
pro- 
gramming 
the device. 


To activate 
this mode, the programming 
equipment 


must force 
11.5V to 12.5V on address 
line A9 of the 


EPROM. 
Two 
identifier 
bytes 
may 
then 
be 
se- 


quenced 
from 
the 
device 
outputs 
by toggling 
ad- 
dress line AO from VIL to VIH. All other address 
lines 


must 
be held 
at VIL during 
the 
inteligent 
Identifier 


Mode. 


Byte 0 (AO = V,Ll represents 
the manufacturer 
code 


and byte 
1 (AO = V'H) the device 
identifier 
code. 
These 
two 
identifier 
bytes 
are 
given 
in Table 
1. 
ALE/CE 
of the 87C64 
has to be toggled 
in order to 


latch 
in 
the 
addresses 
and 
read 
the 
Signature 


Codes. 


ERASURE 
CHARACTERISTICS 
(FOR 


CERDIP 
EPROMS) 


The 
erasure 
characteristics 
are such 
that 
erasure 


begins 
to occur 
upon 
exposure 
to light with wave- 


lengths 
shorter 
than approximately 
4000 Angstroms 


(A). 
It should 
be 
noted 
that 
sunlight 
and 
certain 


types of fluorescent 
lamps have wavelengths 
in the 


3000-4000A 
range. Data shows that constant 
expo- 


sure to room 
level fluorescent 
lighting 
could 
erase 


the EPROM 
in approximately 
3 years, while it would 


take approximately 
1 week 
to cause 
erasure 
when 


exposed 
to direct 
sunlight. 
If the device 
is to be ex- 


posed 
to these 
types 
of lighting 
conditions 
for ex- 


tended 
periods 
of time, 
opaque 
labels 
should 
be 


placed over the window to prevent 
unintentional 
era- 


sure. 


The 
recommended 
erasure 
procedure 
is exposure 


to shortwave 
ultraviolet 
light which has a wavelength 


of 2537 Angstroms 
(A). The integrated 
dose (I.e., UV 
intensity 
x exposure 
time) for erasure 
should 
be a 


minimum 
of 
15 Wsec/cm2. 
The 
erasure 
time 
with 


this dosage 
is approximately 
15 to 20 minutes 
using 


an ultraviolet 
lamp with a 12000 /J-W/cm2 power rat- 


ing. The EPROM 
should 
be placed 
within 
1 inch of 


the lamp tubes 
during 
erasure. 
The maximum 
inte- 


grated 
dose an EPROM 
can be exposed 
to without 


damage 
is 7258 Wsec/cm2 
(1 week 
@ 12000 
/J-W/ 


cm2). 
Exposure 
of the device 
to high intensity 
UV 


light for longer 
periods 
may cause 
permanent 
dam- 


age. 


Special 
EPI processing 
techniques 
have enabled 
In- 


tel to build CHMOS 
with features 
adding 
to system 


reliability. 
These 
include 
input/output 
protection 
to 


latch-up. 
Ea9h of the data and address 
pins will not 


latch-up 
with 
currents 
up to 100 mA and voltages 


from 
-1V 
to VCC + 1V. 


Additionally, 
the Vpp (programming) 
pin is designed 


to resist latch-up 
to the 14V maximum 
device 
limit. 


~ 


ADDRESS = FIRST LOCA nON 


Quick-Pulse 
Programming™ 
Algorithm 


Intel's 
27C64 and 87C64 EPROMs 
can now be pro- 


grammed 
using the Quick-Pulse 
Programming 
Algo- 
rithm, developed 
by Intel to substantially 
reduce 
the 


throughput 
time in the production 
environment. 
This 


algorithm 
allows these devices 
to be programmed 
in 


under 
one second, 
almost 
a hundred 
fold improve- 
ment over previous 
algorithms. 
Actual 
programming 


time is a function 
of the PROM 
programmer 
being 


used. 


The Quick-Pulse 
Programming 
Algorithm 
uses initial 


pulses of 100 microseconds 
followed 
by a byte veri- 


fication 
to determine 
when 
the 
address 
byte 
has 


been 
successfully 
programmed. 
Up to 25 
100 fJos 


pulses 
per byte are provided 
before 
a failure 
is rec- 


ognized. 
A flowchart 
of the 
Quick-Pulse 
Program- 


ming Algorithm 
is shown 
in Figure 5. 


For the Quick Pulse Programming 
Algorithm, 
the en- 


tire sequence 
of programming 
pulses and byte verifi- 


cations 
is performed 
at Vcc 
= 
6.25V 
and 
Vpp at 


12.75V. 
When 
programming 
of 
the 
EPROM 
has 


been 
completed, 
all bytes 
should 
be compared 
to 


the original 
data with Vcc = Vpp = 5.0V. 


D.C. PROGRAMMING 
CHARACTERISTICS 
(27C64/87C64) 
TA = 25°C ± 5°C 


Table 
2 


Symbol 
Parameter 
Limits 
Test Conditions 


Mln 
Max 
Unit 
(Note 1) 


III 
Input Current (All Inputs) 
1.0 
p.A 
VIN = VIL or VIH 


VIL 
Input Low Level (All Inputs) 
-0.1 
0.8 
V 


VIH 
Input High Level 
2.0 
Vee + 0.5 
V 


VOL 
Output Low Voltage During Verify 
0.45 
V 
IOL = 2.1 mA 


VOH 
Output High Voltage During Verify 
3.5 
V 
IOH = -2.5 
mA 


ICC2(3) 
Vee Supply Current 
30 
mA 


IpP2(3) 
Vpp Supply Current (Program) 
30 
mA 
CE = VIL 


VIO 
Ag inteligent Identifier Voltage 
11.5 
12.5 
V 


Vpp 
Programming Voltage 
12.5 
13.0 
V 


Vee 
Supply Voltage During Programming 
6.0 
6.5 
V 


A.C. PROGRAMMING 
CHARACTERISTICS 
27C64 


TA = 25°C ± 5°C, See Table 2 for Vee and Vpp Voltages 


Symbol 
Parameter 
Limits 
Conditions 


Mln 
Typ 
Max 
Unit 
(Note 1) 


tAS 
Address Setup Time 
2 
p's 


toES 
OE Setup Time 
2 
p.s 


tos 
Data Setup Time 
2 
p's 


tAH 
Address Hold Time 
0 
p.s 


tOH 
Data Hold Time 
2 
p.s 


tOFP 
OE High to Output Float Delay 
0 
130 
ns 
(Note 2) 


tyPS 
Vpp Setup Time 
2 
p.s 


tYes 
Vee Setup Time 
2 
p's 


teES 
CE Setup Time 
2 
p.s 


tpw 
PGM Program Pulse Width 
95 
100 
105 
p.s 
Quick-Pulse 


toE 
Data Valid from OE 
150 
ns 


A.C. CONDITIONS 
OF TEST 
Input Rise and Fall Times (10% to 90%) 
20 ns 


Input Pulse Levels 
0.45V to 2.4V 


Input Timing Reference 
Level 
0.8V and 2.0V 


Output Timing Reference 
Level 
0.8V and 3.5V 


NOTES: 
1. Vcc must be applied simultaneously or before Vpp and 
removed simultaneously or after Vpp. 
2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no long- 
er driven-see 
timing diagram. 


3. The maximum current value is with outputs 00 to 07 Un- 
loaded. 


inter 


NOTES: 
1. The Input Timing Reference Level is O.BVfor VIL and 2V for a VIH. 
2. toE and tOFPare characteristics of the device but must be accommodated by the programmer. 
3. When programming the 27C64. a 0.1 I-'F capacitor is required across Vpp and ground to suppress spurious voltage 
transients which can damage the device. 


A.C. PROGRAMMING 
CHARACTERISTICS 
87C64 


TA = 25°C ± 5°C, See Table 2 for Vcc 
and Vpp Voltages. 


Symbol 
Parameter 
Limits 
Unit 
Conditions 


Mln 
Typ 
Max 


tvps 
Vpp Setup Time 
2 
/los 


tvcs 
Vcc Setup Time 
2 
/los 


tLL 
Chip Deselect 
Width 
2 
/los 


tAL 
Address 
to Chip Select Setup 
1 
/los 


tLA 
Address 
Hold from Chip Select 
1 
/los 


tpw 
PGM Pulse Width 
95 
100 
105 
/los 
Quick-Pulse 


tos 
Data Setup Time 
2 
/los 


tOFP 
OE High to Data Float 
0 
130 
ns 


tOES 
Output Enable Setup Time 
2 
/los 


tOE 
Data Valid from Output Enable 
150 
ns 


tOH 
Data Hold Time 
2 
/los 


teES 
CE Setup Time 
2 
/los 


NOTE: 
1. Programming 
tolerances 
and test conditions 
are the same as 27C64. 


NOTE: 
1. 12.75V Vpp & 6.25V Vcc 
for Quick·Pulse 
Programming 
Algorithm. 


inter 


87C257 


256K (32K x 8) CHMOS UV ERASABLE PROM 


• 
CHMOSINMOS 
Microcontroiler 
and 


Microprocessor 
Compatible 


- 
87C257-lntegrated 
Address 
Latch 


- 
Universal 
28 Pin Memory 
Site, 2-line 


Control 


• 
Low Power Consumption 


• 
High Performance 
Speeds 


-170 
ns Maximum 
Access Time 


• 
Noise Immunity 
Features 


- 
± 10% Vcc Tolerance 


- 
Maximum 
Latch-up 
Immunity 


Through 
EPI Processing 


• 
New Quick-Pulse 
Programming™ 


Algorithm 
- 
4 Second 
Programming 


• 
Available 
in 28-Pin Cerdlp 
Package 


(See Packaging Spec., Order #231369) 


Intel's 87C257 CHMOS EPROM is a 256K-bit 5V only memory organized as 32,768 8-bit words. It employs 
advanced CHMOS*II-E circuitry for systems requiring low power, high speed performance, and noise immuni- 
ty. The 87C257 is optimized for compatibility with multiplexed address/data bus microcontrollers such as 
Intel's 16 MHz 8051- and 8096- families. 


The 87C257 incorporates latches on all address inputs to minimize chip count, reduce cost, and simplify 
design of multiplexed bus systems. The 87C257's internal address latch allows address and data pins to be 
tied directly to the processor's multiplexed address/data pins. Address information (inputs Ao-A14) is latched 
early in the memory-fetch cycle by the falling edge of the ALE input. Subsequent address information is 
ignored while ALE remains low. The EPROM can then pass data (from pins 00-07) on the same bus during 
the last part of the memory-fetch cycle. 


The 87C257 is offered in a ceramic DIP package, providing flexibility in prototyping and R&D environments. 
The 87C257 employs the Quick-Pulse Programming™ Algorithm for fast and reliable programming. 


Intel's EPI processing achieves the highest degree of latch-up protection. Address and data pin latch-up 
prevention is provided for stresses up to 100 mA from - 1V to VCC + 1V. 


"HMOS 
and CHMOS 
are patented 
processes 
of Intel Corporation. 


DE 
OUTPUT ENABLE 
PROG LOGIC 
OUTPUT BUFFERS 
CE 


CHIP ENABLE 


ALE 
AODRESS 
LATCH 
ENABLE 


Y DECODE 
Y-GATING 


:I:u... 
:3 
X DECODE 
262,144 
BIT 


Ao-A14 
VI 
CELL MATRIX 
VI... 


ADDRESS 
'" 
INPUTS 
00« 


290135-1 


Figure 1. Block Diagram 


Ao-A14 
ADDRESSES 


00-07 
OUTPUTS 


OE 
OUTPUT 
ENABLE 


CE 
CHIP ENABLE 


ALElVpp 
Address 
Latch 
EnablelVpp 


N.C. 
NO CONNECT 


87C64 
87C257 
87C64 


Vpp 
ALE/Vpp 
vcc 
Vcc 


A12 
A12 
A14 
PGM 


A7 
A7 
A13 
N.C 


As 
Aa 
As 
As 


A5 
As 
Ag 
Ag 


A4 
A4 
All 
A11 


A3 
A3 
OE 
OE 


A2 
A2 
Al0 
A10 


A1 
Al 
CE 
ALE/CE 


Ao 
Ao 
07 
07 


00 
00 
Os 
Os 


01 
01 
Os 
05 


02 
02 
04 
04 


Gnd 
GND 
03 
03 


290135-2 
Figure 2. DIP Pin Configuration 


NOTE: 
Intel "Universal 
Site"-Compatible 
EPROM 
Pin Configurations 
are Shown 
in the Blocks 
Adjacent. 


EXTENDED 
TEMPERATURE 


(EXPRESS) 
EPROMs 


The Intel EXPRESS EPROM family receives addi- 
tional processing to enhance product characteris- 
tics. EXPRESS processing is available for several 
EPROM densities allowing the appropriate memory 
size 
to 
match 
system 
applications. 
EXPRESS 


EPROMs are available with 168 ± 8 hour, 125·C dy- 
namic burn-in using Intel's standard bias configura- 
tion. This process meets or exceeds most industry 
burn-in 
specifications. 
The 
standard 
EXPRESS 


EPROM operating temperature range is O·C to 
+ 70·C. 
Extended 
operating 
temperature 
range 


(-40·C 
to +85·C) EXPRESS and automotive tem- 


perature range (- 40·C to + 125·C) products are 
also available. Like all Intel EPROMs, the EXPRESS 
EPROM family is inspected to 0.1% electrical AQL. 
This allows reduction or elimination of incoming test- 
ing. 


AUTOMOTIVE 
AND EXPRESS 


OPTIONS 


Speed 
Packaging Options 


Versions 
Cerdlp 


-200V05 
A 


-250V10 
A 


-250V05 
A 


AUTOMOTIVE 
AND EXPRESS 
EPROM 


PRODUCT 
FAMILY 


Type 
Operating 
Burn-in 125·C 


Temperature eC) 
(hr) 


Q 
O·Cto +70·C 
168 ±8 


T 
- 40·C to + 85·C 
NONE 


L 
- 40·C to + 85·C 
168 ±8 


A 
- 40·C to + 125°C 
NONE 


B 
- 40°Cto + 125°C 
168 ±8 


"LE/Vpp 


"'2 
"7 
"6 
"s 
"4 
"3 
"2", 
"0 
R 


OE = SV R = 1 KO Vcc = + SV 


ALElVpp 
~ +svvss ~ GNDCE 
~ GND 


30 jJ.s 
H 
"0.IL..f1..f 
",..JL.[ 
.. 


"14 
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Operating 
Temperature 
During 
Read 
O·C to + 70·C(2) 
Temperature 
Under Bias 
-1 O·C to + 80·C(2) 
Storage Temperature 
-6S·C 
to + 1S0·C 


Voltage 
on any Pin with 
Respect 
to Ground 
- 2V to + 7V(1) 
Voltage 
on Ag with 
Respect 
to Ground 
- 2V to + 13.SV(1) 


Vpp Supply Voltage 
with Respect 
to Ground 


During Programming 
- 2V to + 14.0V(1) 


VCC Supply Voltage 
with 
Respect to Ground 
- 2V to + 7.OV(1) 


READ OPERATION 


D.C. CHARACTERISTICS 
TTL and NMOS Inputs 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Notes 
Mln 
Typ(3) 
Max 
Units 
Test Condition 


III 
Input Load Current 
0.01 
1.0 
IkA 
VIN = OVto 5.5V 


ILO 
Output Leakage Current 
±10 
IkA 
VOUT= OVto 5.5V 


ISB 
VCCCurrent Standby 
I Switching 
10 
mA 
CE = ALE = VIH 
with Inputs- 
I Stable 
1.0 
mA 
CE = VIH.ALE = VIL 


leel 
Vee Current Active 
5 
30 
mA 
CE = VIL.ALE = VIH 
f = 5 MHz. lOUT= 0 mA 


VIL 
Input Low Voltage (+ 10% Supply) 
1 
-0.5 
0.8 
V 


VIH 
Input High Voltage (± 10% Supply) 
2.0 
Vee + 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
10L= 2.1 mA 


VOH 
Output High Voltage 
2.4 
V 
10H= -400 
IkA 


los 
Output Short Circuit Current 
6 
100 
mA 


Symbol 
Parameter 
Notes 
Mln 
Typ(3) 
Max 
Units 
Test Condition 


III 
Input Load Current 
0.01 
1.0 
IkA 
VIN = OVto 5.5V 


ILO 
Output Leakage Current 
±10 
IkA 
VOUT= OVto 5.5V 


ISB 
Vee Current Standby 
I Switching 
4 
6 
mA 
CE = ALE = Vee 
with Inputs- 
I Stable 
100 
IkA 
CE = Vee. ALE = GND 


leel 
Vee Current Active 
5 
15 
mA 
CE = VIL.ALE = VIH 
f = 5 MHz. lOUT= 0 mA 


VIL 
Input Low Voltage (± 10% Supply) 
-0.2 
0.8 
V 


VIH 
Input High Voltage (± 10% Supply) 
0.7 Vee 
Vee + 0.2 
V 


VOL 
Output Low Voltage 
0.4 
V 
10L= 2.1 mA 


VOH 
Output High Voltage 
Vee - 0.8 
V 
10H= -2.5mA 


los 
Output Short Circuit Current 
6 
100 
mA 


NOTES: 
1. Minimum D.C. input voltage is -0.5V. 
During transitions. the inputs may undershoot to -2.0V for periods less than 20 ns. 


Maximum D.C. voltage on output pins is Vee + 0.5V which may overshoot to Vee + 2V for periods less than 20 ns. 
2. Operating temperature is for commercial product defined by this specification. Extended temperature options are available 
in EXPRESS and Automotive versions. 
3. Typical limits are at Vee = 5V. TA = +25'C. 
4. CE is Vee ±0.2V. All other inputs can have any value within spec. 
5. Maximum current value is with outputs 00 to 07 unloaded. 
6. Output shorted for no more than one second. No more than one output shorted at a time. los is sampled but not 100% 
tested. 


I Vcc ±5% 
87C257·170V05 
87C257·200V05 
87C257·250V05 
Verslons(3) 


!Vcc±10% 
87C257·200V10 
87C257-250V10 
Units 


Symbol 
Characteristic 
Mln 
Max 
Min 
Max 
Mln 
Max 


tACC 
Address to Output Delay 
170 
200 
250 
ns 


teE 
CE to Output Delay 
170 
200 
250 
ns 


toE 
OE to Output Delay 
70 
75 
100 
ns 


tOF(2) 
OE High to Output High Z 
35 
40 
55 
ns 


toH(2) 
Output Hold from Addresses, CE or 
0 
0 
0 
ns 
OE Change-Whichever is First 


tLL 
Latch Deselect Width 
35 
55 
60 
ns 


tAL(2) 
Address to Latch Set-Up 
7 
15 
25 
ns 


tLA 
Address Hold from LATCH 
20 
30 
40 
ns 


tLOE 
ALE to Output Enable 
20 
30 
40 
ns 


NOTES: 
1. See A.C. Testing Input/Output Waveforms for timing 
measurements. 
2. Guaranteed and sampled. 
3. Model Number Prefixes: No Prefix = CERDIP. 


Input Rise and Fall Times (10% to 90%) 
10 ns 


Input Pulse Levels 
VOL to VOH 
Input Timing Reference 
Level 
1.5V 


Output Timing Reference 
Level 
VIL and VIH 


V,H 
ADDRESSES 
V1L 


V,H 
ALE 
V1L 
V1H 
CE 
V1L 
(2) 


tOE 


V1H 
OUTPUT 
V1L 


NOTES: 
1. This parameter is only sampled and is not 100% tested. 
2. OE may be delayed up to teE-toE after the falling edge of CE without impact on teE. 


Symbol 
Parameter 
Max 
Units 
Conditions 


CIN 
Address/Control 
Capacitance 
6 
pF 
V,N = OV 


COUT 
Output Capacitance 
12 
pF 
VOUT = OV 


NOTE: 
1. Sampled. 
Not 100% 
tested. 


VOH 
INPUT 
1.5 -lEST 
POINTS:::: 


VOL 
DEVICE 
UNDER 
TEST 


A.C. 
testing 
inputs 
are driven 
at VOH for a Logic 
"1" 
and 
VOL for 
a Logic 
"0". 
Timing 
measurements 
are 


made at VIH for a Logic 
"1" 
and VIL for a Logic "0". 


CL = 100 pF 
CL Includes 
Jig Capacitance 


Table 1 lists 87C257 
operating 
modes. 
Read mode requires a single 5V power supply. All inpu\ levels are TTL 
or CMOS except 
A9 in inteligent 
Identifier 
mode and Vpp. 
Table 
1. Mode Selection 


Pins 
CE 
OE 
Ag 
Ao 
ALEI 
Vcc 
Outputs 
Mode 
Vpp 


Read 
VIL 
VIL 
X(1) 
X 
X 
5.0V 
DOUT 


Output Disable 
VIL 
VIH 
X 
X 
X 
5.0V 
HighZ 


Standby 
VIH 
X 
X 
X 
X 
5.0V 
HighZ 


Programming 
VIL 
VIH 
X 
X 
(Note 4) 
(Note 4) 
DIN 


Program Verify 
VIH 
VIL 
X 
X 
(Note 4) 
(Note 4) 
DOUT 


Optional 
Program 
VIL 
VIL 
X 
X 
VCC 
(Note 4) 
DOUT 
Verify 
(Note 4) 


Program Inhibit 
VIH 
VIH 
X 
X 
(Note 4) 
(Note 4) 
HighZ 


inteligent 
Identifier(3) 
VIL 
VIL 
VH(2) 
V,L 
X 
Vcc 
89 H 
-Manufacturer 


inteligent 
Identifier(3) 
VIL 
VIL' 
VH(2) 
VIH 
X 
VCC 
24 H 
-87C257 


NOTES: 
1. X can be VIL or VIH. 
2. VH = 12.0V 
±0.5V. 


3. A1-Aa. 
AlO-12 
= V,L. A13-14 = X. 


4. See Table 
2 for Vcc 
and Vpp programming 
voltages. 
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The 87C257 has two control functions; both must be 
logically active to obtain data at the outputs. Chip 
Enable (CE) is the power control and the device-se- 
lect. Output enable (OE) gates data to the output 
pins by controlling the output buffer. When the ad- 
dress is stable (ALE = VIH)or latched (ALE = VIU, 
the address access time (tAccl equals the delay 
from CE to output (tCE).OU.!E!,!tsdisplay valid data 
tOEafter the falling edge of OE, assuming tACCand 
tCEtimes are met. 


The 87C257 reduces the hardware interface in multi- 
plexed address-data bus systems. Figure 4 shows a 
low 
power, 
small 
board 
space, 
minimal 
chip 


87C257/microcontroller 
design. The 
processor's 


multiplexed bus (ADo_?)is tied to the 87C257's ad- 
dress and data pins. No separate address latch is 
needed because the 87C257 latches all address in- 
puts when ALE is low. 


The ALE input controls the 87C257's internal ad- 
dress latch. As ALE transitions from VIH to VIL, the 
last address present at the address pins is retained. 
The OE control can then enable EPROM data onto 
the bus. 


Figure 
4. 80C31 with 
87C257 


System 
Configuration 


The standbl...!"0de substantially reduces Vcc cur- 
rent. When CE = V,H,the standby mode places the 
outputs in a high impedance state, independent of 
the OE input. 


Two Line Output Control 


EPROMs are often used in larger memory arrays. 
Intel provides two contol inputs to accommodate 
multiple memory connections. Two-line control pro- 
vides for: 
a) the lowest possible memory power dissipation, 


and 
b) complete assurance that output bus contention 


will not occur. 


To efficiently use these two control inputs, an ad- 
dress decoder $hould enable CE, while OE should 
be connected to all memory-array devices and the 
system's READ control line. This assures that only 
selected memory devices have active outputs while 
deselected memory devices are in low-power stand- 
by mode. 


EPROM power 
switching 
characteristics 
require 


careful device decoupling. System designers are in- 
terested in three supply current (ICC) issues-stand- 
by current levels, active current levels, and transient 
current peaks produced by falling and rising edges 
of Chip Enable. Transient current magnitudes de- 
pend on the device outputs' capacitive and inductive 
loading. Two-Line Control and proper decoupling ca- 
pacitor selection will suppress transient voltage 
peaks. Each device should have a 0.1 ,...Fceramic 
capacitor connected between its Vcc and GND. This 
high frequency, low inherent-inductance capacitor 
should be placed as close as possible to the device. 
Additionally, for every eight devices, a 4.7 ,...Felec- 
trolytic capacitor should be placed between Vcc and 
GND at the array's power supply connection. The 
bulk capacitor will overcome voltage slumps caused 
by PC board trace inductances. 


Caution: Exceeding 
14Von Vpp will permanently 


damage the device. 


Initially, and after each erasure, all EPROM bits are 
in the "1" state. Data is introduced by selectively 
programming "Os" into the desired bit locations. Al- 
though only "Os" are programmed, the data word 


can contain both "1s" and "Os". Ultraviolet light era- 
sure is the only way to change "Os" to "1s". 


The programming mode is entered when Vpp is 
raised to its programming voltage (see Table 2). 
Data is programmed by applyir:!.9-an8-bit word to the 
output pins (00-7)' 
Pulsing CE to TTL-Iow while 


OE = VIHwill program data. TTL levels are required 
for address and data inputs. 


Program Inhibit 


The Program Inhibit mode allows parallel program- 
ming of multiple EPROMs with different data. With 
Vpp at its programming voltag~ 
CE-Iow pulse pro- 


grams the desired EPROM. CE-high inputs inhibit 
programming of non-targeted devices. Except for CE 
and OE, parallel EPROMs may have common in- 
puts. 


Program Verify 


With Vpp and Vcc at their programming voltages, a 
verify (read) determines that bits are correctly pro- 
grammed. The verify is performed with CE = ~ 
and OE = VIL. Valid data is available tOE after OE 
falls low. 


Optional Program Verify 


The optional verify allows parallel programming and 
verification when several devices share a common 
bus. It is performed with CE = OE = VILand Vpp = 
Vcc = 6.25V. The normal read mode is then used 
for program verify. Outputs will tri-state depending 
on OE and CEo 


inteligent 
Identifier™ 
Mode 


The inteligent Identifier Mode will determine an 
EPROM's manufacturer and device type. Program- 
ming equipment can automatically match a device 
with its proper programming algorithm. 


This mode is activated when programming equip- 
ment forces 12V ±0.5V on the EPROM's A9 ad- 
dress line. With A1-AS, A10-A12 = VIL (A13-14 are 
don't care), address line Ao = VIL will present the 
manufacturer's code and Ao = VIHthe device code 
(see Table 1). When A9 = VH, ALE need not be 
toggled to latch each identifier address. This mode 
functions in the 25°C ± 5°C ambient temperature 
range required during programming. 


ERASURE 
CHARACTERISTICS 
(FOR 


CERDIP 
EPROMS) 


Exposure to light of wavelength shorter than 4000 
Angstroms (A) begins EPROM erasure. Sunlight and 
some fluorescent lamps have wavelengths in the 
3000-4000A range. Constant exposure to room-lev- 
el fluorescent light can erase an EPROM in about 3 
years (about 1 week for direct sunlight). Opaque la- 
bels over the window will prevent unintentional era- 
sure under these lighting conditions. 


The recommended erasure procedure is exposure 
to 2537A ultraviolet light. The minimum integrated 
dose (intensity x exposure time) is 15 Wsec/cm2. 
Erasure time using a 12000 IJ-W/cm2 ultraviolet 
lamp is approximately 
15 to 
20 
minutes. The 


EPROM should be placed about 1 inch from the 
lamp. The 
maximum integrated 
dose 
is 
7258 


Wsec/cm2 (1 week @ 12000 IJ-W/cm2).High intensi- 
ty UV light exposure for longer periods can cause 
permanent damage. 


~ 


ADDRESS = FIRST LOCA nON 


System 
reliability 
is enhanced 
by 
Intel's 
CHMOS 


EPI-process 
techniques. 
Protection 
on 
each 
data 


and address 
pin prevents 
latch-up; 
even 
with 
100 


mA currents 
and voltages 
from 
- 1V to Vcc + 1V. 


Additionally, 
the Vpp pin is designed 
to resist latch- 
up to the 14V maximum 
device 
limit. 


The 
Quick-Pulse 
Programming 
algorithm 
programs 


Intel's 
87C257 
EPROM. 
Developed 
to substantially 


reduce 
production 
programming 
throughput 
time, 
this algorithm 
can program 
a 87C257 
in under four 


seconds. 
Actual 
programming 
time depends 
on the 


PROM programmer 
used. 


The Quick-Pulse 
Programming 
algorithm 
uses a 100 


microsecond 
initial-pulse 
followed 
by a byte verifica- 


tion to determine 
when 
the addressed 
byte is cor- 


rectly 
programmed. 
The algorithm 
terminates 
if 25 


100fLs pulses fail to program 
a byte. Figure 5 shows 


the Quick-Pulse 
Programming 
algorithm 
flowchart. 


The 
entire 
program-pulse/byte-verify 
sequence 
is 


performed 
with Vcc = 
6.25V 
and Vpp = 
12.75V. 


When programming 
is complete, 
all bytes should be 


compared 
to the original 
data with Vcc = 5.0V. 


Alternate 
Programming 


Intel's 27C256 and 27256 Quick-Pulse 
Programming 


algorithms 
will also program 
the 87C257. 
Byoverrid- 


ing a check for the inteligent 
Identifier, 
older or non- 


upgraded 
PROM 
programmers 
can 
program 
the 


87C257. 
See Intel's 27C256 
and 27256 data sheets 


for programming 
waveforms 
of these alternate 
algo- 


rithms. 
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D.C. PROGRAMMING 
CHARACTERISTICS 
TA = 25°C ± 5°C 


Table 2 


Symbol 
Parameter 
limits 
Test Conditions 


Mln 
Max 
Unit 


III 
Input Current (All Inputs) 
1.0 
fLA 
VIN = VIL or VIH 


VIL 
Input Low Level (All Inputs) 
-0.2 
0.8 
V' 


VIH 
Input High Level 
2.0 
Vee + 0.5 
V 


VOL 
Output 
Low Voltage 
During Verify 
0.4 
V 
IOL = 2.1 mA 


VOH 
Output High Voltage 
During Verify 
Vee - 
0.8 
V 
IOH = -400 
fLA 


lee2(3) 
Vee Supply Current 
30 
mA 


IpP2(3) 
Vpp Supply Current (Program) 
50 
mA 
CE = VIL 


VIO 
Ag inteligent 
Identifier Voltage 
11.5 
12.5 
V 


Vpp(1) 
Programming 
Voltage 
12.5 
13.0 
V 


Vee(1) 
Supply Voltage 
During Programming 
6.0 
6.5 
V 


Symbol 
Parameter 
limits 
Conditions 


Mln 
Typ 
Max 
Unit 


tAS 
Address 
Setup Time 
2 
fLs 


tOES 
OE Setup Time 
2 
fLs 


tos 
Data Setup Time 
2 
fLs 


tAH 
Address 
Hold Time 
0 
fLs 


tOH 
Data Hold Time 
2 
fLs 


tOFP(2) 
OE High to 
0 
130 
ns 
Output Float Delay 


tvpS(1) 
Vpp Setup Time 
2 
fLs 


tves(1) 
Vee Setup Time 
2 
fLs 


tpw 
CE Program Pulse Width 
95 
100 
105 
fLs 


tOE 
Data Valid from OE 
150 
ns 


NOTES: 
1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
2. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer 
driven-see 
timing diagram. 
3. The maximum current value is with outputs 00 to 07 unloaded. 


12.0 V . - - - - - 


V1H 
Address 
V1L 


V1H 
Data 


12.75 
V • - - - - - - - - - - - - - - - - - - - - - - - - 


ALE!Vpp 
V1H - - - 


6.25 V 
_ 


5.0V 
Vcc 


~ 
VIH 


~ 
cr 


NOTES: 
1. The input timing reference 
level is VIL = o.BV and VIH = 2V. 
2. tOE and tDFP are device 
characteristics 
but must be accommodated 
by the programmer. 


3. To prevent 
device 
damage 
during programming, 
a 0.1 ILF capacitor 
is required 
between 
Vpp and ground 
to suppress 
spurious 
voltage 
transients. 


4. During programming, 
the address 
latch function 
is bypassed 
whenever 
Vpp = 12.75V or Ag = VH. When 
Vpp and Ag are at TIL 
levels, 
the address 
latch 
function 
is 


enabled, 
and the device 
functions 
in read mode. 


5. Vpp can be 12.75V during 
Blank Check 
and Final Verify; if so, CE must be VIH. 
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UPI-452 


CHMOS PROGRAMMABLE 
I/O PROCESSOR 


• 83C452/87C452P/80C452:3.5 
to 16 MHz 
• Two 
16-Bit Timer/Counters 
Clock Rate 
• Boolean 
Processor 
• Software 
Compatible 
with the MCS-51 
• Bit Addressable 
RAM 
Family 


128-Byte 
Bi-Directional 
FIFO Slave 
• 8 Interrupt 
Sources 
• Interface 
• Programmable 
Full Duplex Serial 


Two DMA Channels 
Channel 
• 
256 x 8-Bit Internal 
RAM 
• 64K Program 
Memory 
Space 
• 
34 Additional 
Special 
Function 
• 64K Data Memory 
Space 
• Registers 
• 68-Pin PGA 


• 40 Programmable 
I/O 
Lines 


(See 
Packaging 
Spec., 
Order: 
#231369) 


The Intel UPI-452 (Universal 
Peripheral 
Interface) 
is a 68 pin CHMOS Slave I/O Processor 
with a sophisticated 
bi-directional 
FIFO buffer interface 
on the slave bus and a two channel 
DMA processor 
on-chip. 
The UPI-452 
is the newest 
member 
of Intel's 
UPI family of products. 
It is a general-purpose 
slave I/O Processor 
that allows 
the designer 
to grow a customized 
interface 
solution. 


The UPI-452 contains 
a complete 
80C51 with twice the on-chip 
data and program 
memory. 
The sophisticated 
slave FIFO module 
acts as a buffer between 
the UPI-452 internal CPU and the external 
host CPU. To both the 
external 
host and the internal CPU, the FIFO module looks like a bi-directional 
bottomless 
buffer that can both 
read 
and write 
data. 
The 
FIFO 
manages 
the transfer 
of data 
independent 
of the 
UPI-452 
core 
CPU and 
generates 
an interrupt 
or DMA request 
to either CPU, host or internal, 
as a FIFO service 
request. 


The FIFO consists 
of two channels:the 
Input FIFO and the Output 
FIFO. The division 
of the FIFO module 
array, 
128 bytes, 
between 
Input channel 
and Output 
channel 
is programmable 
by the user. Each FIFO byte 
has an additional 
logical 
ninth 
bit to distinguish 
between 
a data 
byte and a Data Stream 
Command 
byte. 
Additionally, 
Immediate 
Commands 
allow 
direct, 
interrupt 
driven, 
bi-directional 
communication 
between 
the 
UPI-452 
internal 
CPU and external 
host CPU, bypassing 
the FIFO. 


The on-chip 
DMA processor 
allows 
high speed data transfers 
from one writeable 
memory 
space to another. 
As many as 64K bytes can be transferred 
in a single 
DMA operation. 
Three distinct 
memory 
spaces 
may be 
used in DMA operations; 
Internal 
Data Memory, 
External 
Data Memory, 
and the Special 
Function 
Registers 
(including 
the FIFO IN, FIFO OUT, and Serial Channel 
Special 
Functions 
Registers). 
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The UPI-452 
joins the current 
members 
of the UPI 


microcontroller 
family. 
UPl's 
are derivatives 
of the 


MCSTM family 
of microcontrollers. 
Because 
of their 


on-chip 
system 
bus interface, 
UPl's are designed 
to 


be system 
bus "slaves", 
while their microcontroller 


counterparts 
are intended 
as system bus "masters". 


These 
UPI Microcontrollers 
are fully 
supported 
by 


Intel's EPROM programmers 
(iUP-201) and develop- 


ment tools 
(ICE, ASM and PLM). 


Packaging 


The 80C452 
comes in a 68-pin PGA (Pin Grid Array) 


package, 
while the 8?C452P 
will be offered 
in a pig- 


gyback 
package. 
This piggyback 
package 
will con- 


sist 
of 
the 
standard 
68-pin 
PGA 
package 
with 
a 


2?64A 
EPROM 
soldered 
on top. These 
two 
pack- 


ages allow designers 
to use either on-chip 
EPROM 


or 
external 
memory 
for 
their 
initial 
designs. 
The 


83C452 
(ROM version) will come in the standard 
68- 


pin 
PGA 
package. 
A 
complete 
description 
of 


8?C452P 
programming 
can be found 
at the end of 


this data sheet. 


UPI Family 
MCSFamlly 
RAM 
ROM 
EPROM 
(Slave 
(Master 
Speed 
(Bytes) 
(Bytes) 
(Bytes) 
Configuration) 
Configuration) 


80C452 
80C51 
12 MHz 
256 
- 
- 


83C452 
80C51 
12 MHz 
256 
8K 
- 


8?C452P 
80C51 
12 MHz 
256 
- 
8K 


80C452-1 
80C51 
16 MHz 
256 
- 
- 


83C452-1 
80C51 
16 MHz 
256 
8K 
- 


8?C452P-1 
80C51 
16 MHz 
256 
- 
8K 


Symbol 
Pin II 
Type 
Name and Function 


Vss 
9/43 
I 
Circuit Ground. 


Vcc 
60 
I 
+ 5V power supply during normal, idle, programming 
and 
verification 
operation. 
It is also the standby power pin for power 


down mode. 


XTAL1 
38 
I 
Input to the oscillator's 
high gain amplifier. 
A crystal or external 


source can be used. 


XTAL2 
39 
0 
Output from the high gain amplifier. 


Port 0 
I/O 
Port 0 is an 8-bit open drain bi-directionall/O 
port. It is used for data 
(ADO-AD?) 
input and output during programming 
and verification. 
External 
PO.O 
8 
pullups are required during program 
verification. 
Port 0 can sink 
.1 
10 
eight LS TTL inputs. It is also the multiplexed 
low-order 
address and 
.2 
11 
data local expansion 
bus during accesses 
to external 
memory . 
.3 
12 


.4 
13 


.5 
14 
.6 
15 
PO.? 
16 


Symbol 
Pin # 
Type 
Name and Function 


Port 1 
I/O 
Port 1 is an 8-bit quasi-bi-directionall/O 
port. It is used for low-order 
(AO-AlL- 
address 
byte during programming 
and verification. 
Port 1 can sink 
(HLD, HLDA) 
four LS TIL 
inputs. The alternate 
functions 
can only be activated 
if 
P1.0 
7 
the corresponding 
bit latch in the port SFR contains 
a 1. Otherwise, 


the port pin is stuck at O. Pins P1.5 and P1.6 are multiplexed 
with 


HLD and HLDA respectively 
whose functions 
are defined 
as below: 
.1 
. 
6 
Port Pin 
Alternate 
Function 


.2 
5 
P1.5 
HLD 
-Local 
bus hold 


.3 
4 
input! output signal 


.4 
3 
P1.6 
HLDA -Local 
bus hold 


.5 
2 
acknowledge 
input 


.6 
1 
P1.7 
68 


Port 2 
I/O 
Port 2 is an 8-bit quasi-bi-directionall/O 
port. It also emits the high- 
(A8-A15) 
order 8 bits of address when accessing 
local expansion 
bus 
P2.0 
29 
external 
memory (or during 87C452P 
programming 
and verification) 
. 
.1 
28 
Port 2 can sink four LS TIL 
inputs. 


.2 
27 


.3 
25 


.4 
24 


.5 
23 


.6 
22 


.7 
21 


Port 3 
I/O 
Port 3 is an 8-bit quasi-bi-directionall/O 
port. It is also multiplexed 
P3.0 
67 
with the interrupt, timer, local serial channel, 
RD/ and WR/ 


.1 
66 
functions 
that are used by various options. The alternate 
functions 


.2 
65 
can only be activated 
if the corresponding 
bit latch in the port SFR 


.3 
64 
contains 
a 1. Otherwise, 
the port pin is stuck at O. Port 3 can sink 
.4 
63 
four LS TIL 
inputs. The alternate 
functions 
assigned 
to the pins of 


.5 
62 
Port 3 are as follows: 
.6 
61 
Port Pin 
Alternate 
Function 
P3.7 
59 
P3.0 
RxD 
- 
Serial input port 
P3.1 
TxD 
- 
Serial output port 


P3.2 
INTO 
- 
Interrupt 
0 Input 


P3.3 
INT1 
- 
Interrupt 
1 Input 
P3.4 
TO 
- 
Input to counter 
0 
P3.5 
T1 
- 
Input to counter 
1 
P3.6 
WR/ 
- 
The write control 
signal latches the 


, 
data from Port 0 outputs into the 
External Data Memory on the 
local bus. 


P3.7 
RD/ 
- 
The read control 
signal latches the 


data from Port 0 outputs on the 
local bus. 


Symbol 
Pin # 
Type 
Name and Function 


Port 4 
I/O 
Port 4 is an 8-bit quasi-bi-directionall/O 
port. Port 4 can sink/source 
P4.0 
30 
four TIL 
inputs. It is also used as the control 
signals during EPROM 
.1 
31 
programming 
and verification 
drive pins as follows: 
.2 
32 
Port Pin 
Alternate 
Function 


.3 
33 
P4.5 
'1' during program 
and verify 


.4 
34 
P4.6 
'0' during program and verify 


.5 
35 
P4.7 
'0' during verify - used as output enable 
.6 
36 
'1' during programming 
w/ ALE = 0 


.7 
37 
Note: see Programming 
and Verification 
Characteristics 
in AC/DC 


Specification 
section. 


RST 
20 
I 
A high level on this pin for two machine 
cycles while the oscillator 
is 
running resets the device. An internal pulldown 
resistor permits 
Power- 


on reset using-only a capacitor 
connected 
to Vcc. 
This pin does not receive the power down voltage 
as is the case for 


HMOS MCS-51 family members. 
This function 
has been transferred 
to 
the Vcc pin 


ALE/PGM 
18 
I/O 
Provides Address 
Latch Enable output used for latching the address 


into external 
memory during normal operation. 
Receives 
the program 


pulse input during EPROM programming. 
ALE can sink/source 
eight LS 


TIL 
inputs. 


PSEN 
19 
0 
The Program Store Enable output is a control 
signal that enables 
the 


external 
Program Memory to the bus during normal fetch operation. 


PSEN can sink/source 
eight LS TIL 
inputs. 


EA 
17 
I 
When held at TIL 
high level, the UPI-452 executes 
instructions 
from the 


internal ROM/EPROM 
when the PC is less than 8192 (8K, 2000H). 


When held at a TIL 
low level, the UPI-452 fetches 
all instructions 
from 


external 
Program Memory. 


DBO 
58 
I/O 
Host Bus Interface 
is an 8-bit bi-directional 
bus. It is used to transfer 
DB1 
57 
data and commands 
between 
the UPI-452 and the host processor. 
This 
DB2 
56 
bus can sink/source 
eight LS TIL 
inputs. 
DB3 
55 
DB4 
54 
DB5 
53 
DB6 
52 
DB7 
51 


CS 
44 
I 
This pin is the Chip Select of the UPI-452. 


AO 
40 
I 
These three address 
lines are used to interface 
with the host system. 
A1 
41 
They define the UPI-452 operations. 
The interface 
is compatible 
with 
A2 
42 
the Intel microprocessors 
and the MUL TIBUS. 


READ 
46 
I 
This pin is the read strobe from the host CPU. Activating 
this pin causes 
the UPI-452 to place the contents 
of the Output FIFO (either a 


command 
or data) or the Host Status/Control 
Special 
Function 
Register 


on the Slave Data Bus. 


WRITE 
47 
I 
This pin is the write strobe from the host. Activating 
this pin will cause 
the value on the Slave Data Bus to be written into the register specified 
by AO-A2. 


DRQIN/ 
49 
0 
This pin requests 
an input transfer 
from the host system whenever 
the 
INTRQIN 
Input Channel 
requires data. 


DRQOUT/ 
48 
0 
This output pin requests 
an output transfer 
whenever 
the Output 
INTRQOUT 
Channel 
requires service. 
If the external 
host to UPI-452 DMA is 


enabled, 
and a Data Stream Command 
is at the Output FIFO, DRQOUT 
- 
is deactivated 
and INTRQ is activated 
(see 'GENERAL 
PURPOSE 
DMA 


CHANNELS' 
section). 
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Symbol 
Pin # 
Type 
Name and Function 


INTRQ 
50 
0 
This output pin is used to interrupt the host processor 
when an 


Immediate 
Command 
Out or an error condition 
is encountered. 
It is 


also used to interrupt the host processor 
when the FIFO requests 


service if the DMA is disabled 
and INTRQIN and INTRQOUT 
are 


not used. 


DACK 
45 
I 
This pin is the DMA acknowledge 
for the host bus interface 
Input 


and Output Channels. 
When activated, 
a write command 
will cause 


the data on the Slave Data Bus to be written as data to the Input 
Channel 
(to the Input FIFO). A read command 
will cause the Output 


Channel 
to output data (from the Output FIFO) on to the Slave Data 


Bus. This pin should be driven high (+ 5V) in systems which do not 
have a DMA controller 
(see Address 
Decoding). 


VcclVpp 
26 
I 
+ 5V power supply during operation. 
The Vcc pin receives 
the 


+ 12V EPROM programming 
and verification 
supply voltage. 


The 
UPI-452 
slave 
microcontroller 
incorporates 
an 


80C51 with double the program 
and data memory, 
a 


slave 
interface 
which 
allows 
it to be connected 
di- 


rectly to the host system bus as a peripheral, 
a FIFO 


buffer module, a two channel 
DMA processor, 
and a 


fifth 
I/O 
port (Figure 
3). The UPI-452 
retains 
all of 


the 80C51 
architecture, 
and is fully compatible 
with 


the MCS-51 
instruction 
set. 


The Special 
Function 
Register 
(SFR) interface 
con- 


cept 
introduced 
in the MCS-51 
family 
of .microcon- 


trollers 
has been expanded 
in the UPI-452. 
To the 


20 Special 
Function 
Registers 
of the 
MCS-51, 
the 


. UPI-452 
adds 
34 
more. 
These 
additional 
Special 


Function 
Registers, 
like those 
of the MCS-51, 
pro- 
vide access 
to the UPI-452 
functional 
elements 
in- 


cluding 
the FIFO, DMA and added interrupt 
capabili- 


ties. 
Several 
of the 
80C51 
core 
Special 
Function 


Registers 
have also been expanded 
to support 
add- 


ed features 
of the UPI·452. 


This data sheet describes 
the unique features 
of the 


UPI·452. 
Refer 
to the 80C51 
data 
sheet 
for a de- 


scription 
of 
the 
UPI-452's 
core 
CPU 
functional 


blocks 
including; 


- 
Timers/Counters 


-I/O 
Ports 


- 
Interrupt 
timing and control 
(other than FIFO and 


DMA interrupts) 


- 
Serial Channel 


- 
Local Expansion 
Bus 


- 
Program/Data 
Memory 
structure 


- 
Power-Saving 
Modes 
of Operation 
• 


- 
CHMOS 
Features 


- 
Instruction 
Set 


Figure 3 contains 
a conceptual 
block diagram 
of the 


UPI-452. 
Figure 
4 provides 
a functional 
block 
dia- 


gram. 


A unique feature 
of the UPI-452 is the incorporation 


of a 128 byte FIFO array at the host-slave 
interface. 


The FIFO allows 
asynchronous 
bi-directional 
trans- 


fers between 
the host CPU and the internal 
CPU. 


inter 


ADDITIONAL 
rEATURES: 
I 


-SERIAL 
CHANNEL 
: 
-EXTERNAL 
INTERRUPTS 
-HlO/HlO 
ACK 
-lOCAL 
EXPANSION 
BUS 
-RO 
-WR 
-EXTERNAL 
COUNTER 
INPUT 
-EPROt.4 
PROGRAt.4 
AND 
VERlrV 


CONTROL 


The 
division 
of the 
128 
bytes 
between 
Input 
and 


Output 
channels 
is 
user 
programmable 
allowing 


maximum 
flexibility. 
If the 
entire 
128 byte 
FIFO 
is 


allocated 
to the Input channel, 
a high performance 


Host can transfer 
up to 128 bytes at one time, then 


dedicate 
its resources 
to other 
functions 
while 
the 


internal 
CPU processes 
the data.in 
the FIFO. Vari- 


ous handshake 
signals 
allow 
the 
external 
Host 
to 


operate 
independently 
and without frequent 
monitor- 


ing of the 
UPI-452 
internal 
CPU. The 
FIFO 
Buffer 


insures that the slave processor 
receives 
data in the 


same order that it was sent by the host without 
the 


need to keep track 
of addresses. 
Three 
slave 
bus 


interface 
handshake 
methods 
are supported 
by the 


UPI-452: 
DMA, Interrupt 
and Polled. 


The FIFO is nine bits wide. The ninth bit acts as a 
command/data 
flag. Commands 
written to the FIFO 


by either 
the 
host or internal 
CPU are called 
Data 


Stream 
Commands 
or DSCs. 
DSCs 
are written 
to 


the 
input 
FIFO 
by the 
Host 
via a unique 
external 


address. 
DSCs are written to the output FIFO by the 


internal 
CPU via the COMMAND 
OUT Special 
Func- 
tion Register 
(SFR). When encountered 
by the host 


or internal 
CPU a Data 
Stream 
Command 
can 
be 


used as an address 
vector 
to user defined 
service 


routines. 
DSCs provide 
synchronization 
of data and 


commands 
between 
the Host and internal 
CPU. 


Size of Input/Output 
Channels 


The 128 bytes of FIFO space 
can be allocated 
be- 


tween 
the Input and Output 
channels 
via the Chan- 


nel Boundary 
Pointer 
(CBP) SFR. This register 
con- 


tains 
the number 
of address 
locations 
assigned 
to 


the Input channel. 
The remaining 
address 
locations 


are automatically 
assigned 
to the Output 
FIFO. The 


CBP SFR can only be programmed 
by the internal 


CPU during FIFO DMA Freeze Mode (See FIFO-Ex- 
ternal 
Host 
Interface 
FIFO 
DMA 
Freeze 
Mode 
de- 


scription). 
The CBP is initialized 
to 40H 
(64 bytes) 


upon reset. 


The number in the Channel 
Boundary 
Pointer SFR is 


actually 
the 
first 
address 
location 
of 
the 
Output 


FIFO. Writing 
to the CBP SFR reassigns 
the 
Input 


and Output FIFO address 
space. Whenever 
the CBP 


is written, 
the Input FIFO pointers 
are reset to zero 


and the Output 
FIFO pointers 
are set to the value in 


the CBP SFR. 


All of the FIFO space may be assigned 
to one chan- 


nel. In such a situation 
the other channel's 
data path 


consists 
of a single SFR (FIFO IN/COMMAND 
IN or 


FIFO OUT/COMMAND 
OUT SFR) location. 


CBP 
Input FIFO 
Output 
FIFO 


Register 
Size 
Size 


0 
1 
128 


1 
1 
128 


2 
2 
126 


3 
3 
125 


4 
4 
124 
• 
• 
• 


7B 
123 
5 


7C 
124 
4 


7D 
125 
3 


7E 
128 
1 


7F 
128 
1 
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These normally 
operate 
in auto-increment 
(and auto- 
rollover) 
mode, but can be reassigned 
by the internal 


CPU during FIFO DMA Freeze Mode (See FIFO-Ex- 
ternal 
Host 
Interface 
FIFO 
DMA 
Freeze 
Mode 
de- 
scription). 


Threshold 
Register 


The Input FIFO Threshold 
SFR contains 
the number 
of empty 
bytes 
that 
must be available 
in the 
Input 


FIFO to generate 
a Host interrupt. 
The Output 
FIFO 


Threshold 
SFR contains 
the number 
of bytes, data 


and/or 
DSC(s), that must be in the FIFO before 
an 


interrupt 
is generated. 
The 
Threshold 
feature 
pre- 


vents the Host from being interrupted 
each time the 


FIFO needs to load or unload one byte of data. The 
thresholds, 
therefore, 
allow the FIFO's 
operation 
to 


be adjusted 
to the speed of the Host, optimizing 
the 


overall 
interface 
performance. 


The UPI-452 provides, 
in addition 
to data and DSCs, 
a third direct 
means 
of communication 
between 
the 


external 
Host 
and 
internal 
CPU 
called 
Immediate 


Commands. 
As 
the 
name 
implies, 
an 
Immediate 


Command 
is available 
to the receiving 
CPU immedi- 


ately, via an interrupt, 
without 
being entered 
into the 


FIFO 
as are 
Data 
Stream 
Commands. 
Like 
Data 


Stream 
Commands, 
Immediate 
Commands 
are writ- 


ten either via a unique external 
address 
by the host 


CPU, or via dedicated 
SFR by the internal 
CPU. 


The 
DSC 
and/or 
Immediate 
Command 
interface 


may be defined 
as either 
Interrupt 
or Polled 
under 


user program 
control 
via the 
Interrupt 
Enable 
(IE), 
Slave 
Control 
Register 
(SLCON), 
and Interrupt 
En- 


able Priority (IEP) Special 
Function 
Registers, 
for the 


internal 
CPU and via the Host Control 
SFR for the 


external 
Host CPU. 


of the three writeable 
memory 
spaces: 
Internal 
Data 


Memory, 
External 
Load Expansion 
Bus Data Memo- 


ry and the Special 
Function 
Register 
array. The Spe- 


cial 
Function 
Register 
array 
appears 
as a set 
of 


unique dedicated 
memory 
addresses 
which 
may be 


used as either the source or destination 
address of a 


DMA transfer. 
Each DMA channel 
is independently 


programmable 
via dedicated 
Special 
Function 
Reg- 


isters for mode, 
source 
and destination 
addresses, 


and byte count to be transferred. 
Each DMA channel 


has four programmable 
modes: 


- 
Alternate 
Cycle Mode 


- 
Burst Mode 


- 
FIFO or Serial Channel 
Demand 
Mode 


- 
External 
Demand 
Mode 


A complete 
description 
of each mode and DMA op- 


eration 
may be found 
in the section 
titled 
"General 


Purpose 
DMA Channels". 


FIFO/SLAVE 
INTERFACE 


FUNCTIONAL 
DESCRIPTION 


The FIFO is a 128 Byte RAM array with recirculating 
pointers 
to manage 
the 
read 
and 
write 
accesses. 


The FIFO consists 
of an Input and an Output 
chan- 


nel. Access 
cycles 
to the FIFO by the internal 
CPU 


and external 
Host are interleaved 
and appear 
to be 


occurring 
concurrently 
to both the internal 
CPU and 


external 
Host. 
Interleaving 
access 
cycles 
ensures 


efficient 
use of this 
shared 
resource. 
The 
internal 


CPU accesses 
the FIFO in the same 
way it would 


access 
any of the Special 
Function 
Registers 
e.g., 


direct and register 
indirect 
addressing 
as well as ar- 


ithmetric 
and logical 
instructions. 


The Input FIFO Channel 
provides 
for data transfer 


from the external 
Host to the internal CPU (Figure 5). 


The registers 
associated 
with the Input Channel 
dur- 


ing normal 
operation 
are listed in Table 
1". 
The 
UPI-452 
contains 
a two channel 
internal 
DMA 


controller 
which allows transfer 
of data between 
any 


Table 1. Input FIFO Channel 
Registers· 


Register 
Name 
Description 


1) 
Input Buffer Latch 
Host CPU Write only 
2) 
FIFO INSFR 
Internal CPU Read only 
3) 
COMMAND 
IN SFR 
Internal CPU Read only 
4) 
Input FIFO Read Pointer SFR 
Internal CPU Read only 
5) 
Input FIFO Write Pointer SFR 
Internal CPU Read only 
6) 
Input FIFO Threshold 
SFR 
Internal CPU Read only 
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The 
host 
CPU writes 
data and 
Data Stream 
Com- 
mands into the Input Buffer Latch on the rising edge 
of the external 
WR signal. 
External 
addressing 
de- 


termines 
whether 
the 
byte 
is a data 
byte 
or Data 


Stream 
Command 
and the FIFO logic sets the ninth 


bit of the 
FIFO 
accordingly 
as the 
byte 
is moved 


from the Input Buffer 
Latch 
into the FIFO. A "1" 
in 


the 
ninth 
bit indicates 
that 
the 
incoming 
byte 
is a 


Data 
Stream 
Command. 
The 
internal 
CPU 
reads 


data bytes via the FIFO 
IN SFR, and Data Stream 


Commands 
via the COMMAND 
IN SFR. 


A Data Stream 
Command 
will generate 
an interrupt 


to the 
internal 
CPU 
prior 
to being 
read 
and 
after 


completion 
of the previous 
operation. 
The DSC can 


then be read via the COMMAND 
IN SFR. Data can 


only be read via the FIFO IN SFR and Data Stream 
Commands 
via the COMMAND 
IN SFR. Attempting 


to read Data Stream Commands 
as data by address- 


ing the 
FIFO 
IN SFR 
will 
result 
in "OFFH" 
being 


read, and the Input 
FIFO Read 
Pointer 
will remain 


intact. 
(This prevents 
accidental 
misreading 
of Data 


Stream 
Commands.) 
Attempting 
to 
read 
data 
as 


Data Stream 
Commands 
will have the same conse- 


quence. 


The Input FIFO Channel 
addressing 
is controlled 
by 


the Input FIFO Read and Write Pointer SFRs. These 
SFRs are read only registers 
during 
normal 
opera- 


tion. However, 
during FIFO DMA Freeze Mode (See 


FIFO-External 
Host 
Interface 
FIFO 
DMA 
Freeze 


Mode 
description), 
the 
internal 
CPU 
has write 
ac- 


cess to them. Any write to these 
registers 
in normal 


mode 
will have 
no effect. 
The 
Input 
Write 
Pointer 


SFR contains 
the address 
location 
to which datal 


commands 
are written 
from the Input Buffer 
Latch. 
The write pointer 
is automatically 
incremented 
after 


each write and is reset to zero if equal to the CBP, 
as the Input FIFO operates 
as a circular 
buffer. 


If a write 
is performed 
on an empty 
FIFO, the first 


byte is also written 
into the FIFO IN or COMMAND 
IN SFR. If the Host continues 
writing while the Input 


FIFO is full, an external 
interrupt, 
if enabled, 
is sent 
to 
the 
host 
to 
signal 
the 
overrun 
condition. 
The 


writes are ignored 
by the FIFO control 
logic. Similar- 


ly, an internal 
CPU read of an empty FIFO will cause 


an underrun 
error 
interrupt 
to be generated 
to the 


internal 
CPU and a value of "OFFH" 
will be read by 
the internal 
CPU. 


inter 


The Read Pointer SFR holds the address of the next 
byte to be read from the Input FIFO. An Input FIFO 
read operation 
post-increments 
the 
Input Read 


Pointer SFR and loads a new data byte into the 
FIFO IN SFR or a Data Stream Command into the 
COMMAND IN SFR at the end of the read cycle. 


An Input FIFO Request for Service (via DMA, Inter- 
rupt or a flag) is generated to the Host whenever 
more data can be written into the Input FIFO. For 
efficient utilization of the Host, a "threshold" value 
can be programmed into the Input FIFO Threshold 
SFR. The range of values of the Input FIFO Thresh- 
old SFR can be from 0 to (CBP-2). The Request for 
Service Interrupt is generated only after the Input 
FIFO has room to accommodate a threshold number 
of bytes or more. The threshold is equal to the total 


number of bytes assigned to the Input FIFO (CBP) 
minus the number of bytes programmed in the Input 
FIFO Threshold SFR. With this feature the Host is 
assured that it can write at least a threshold number 
of bytes to the Input FIFO channel without worrying 
about an overrun condition. Once the Request for 
Service is generated it remains active until the Input 
FIFO becomes full. 


The Output FIFO Channel provides data transfer 
from the UPI-452 internal CPU to the external Host 
(Figure 6). 


The registers associated with the Output Channel 
during normal operation are listed in Table 2'. 


TO EXTERNAL 


INTERRUPT/OM' 
REQUEST 
LOGIC 


Register 
Name 
Description 


1) 
Output Buffer Latch 
Host CPU Read only 
2) 
FIFO OUT SFR 
Internal CPU Read and Write 
3) 
COMMAND OUT SFR 
Internal CPU Read and Write 
4) 
Output FIFO Read Pointer SFR 
Internal CPU Read only 
5) 
Output FIFO Write Pointer SFR 
Internal CPU Read only 
6) 
Output FIFO Threshold SFR 
Internal CPU Read only 


The UPI-452 internal CPU transfers data to the Out- 
put FIFO via the FIFO OUT SFR and commands via 
the COMMAND OUT SFR. If the byte is written to 
the COMMAND OUT SFR, the ninth bit is automati- 
cally set (= 1) to indicate a Data Stream Command. 
If the byte is written to the FIFO OUT SFR the ninth 
bit is cleared (= 0). Thus the FIFO OUT and COM- 
MAND OUT SFRs are the same but the address de- 
termines whether the byte entered in the FIFO is a 
DSC or data byte. 


The Output FIFO preloads a byte into the Output 
Buffer Latch. When the Host issues a RD/ signal, 
the data is immediately read from the Output Buffer 
Latch. The next data byte is then loaded into the 
Output Buffer Latch, a flag is set and an interrupt, if 
enabled, is generated if the byte is a DSC (ninth bit 
is set). The operation is carefully timed such that an 
interrupt can be generated in time for it to be recog- 
nized by the Host before its next read instruction. 
Internal CPU write and external Host read opera- 
tions are interleaved at the FIFO so that they appear 
to be occurring concurrently. 


The Output FIFO read and write pointer operation is 
the same as for the Input Channel. Writing to the 
FIFO OUT or COMMAND OUT SFRs will increment 
the Output Write Pointer SFR but reading from it will 
leave the write pointer unchanged. A rollover of the 
Output FIFO Write Pointer causes the pointer to be 
reset to the value in the Channel Boundary Pointer 
(CBP) SFR. 


If the external host attempts to read a Data Stream 
Command as a data byte it will result in invalid data 
(OFFH)being read. The DSC is not lost because the 
invalid read does not increment the pointer. Similarly 
attempting to read a data byte as a Data Stream 
Command has the same result. 


A Request for Service is generated to the external 
Host under the following two conditions: 
1.) Whenever the internal CPU has written a thresh- 


old number of bytes or more into the Output FIFO 
(threshold = (OTHR) + 1). The threshold num- 
ber should be chosen such that the bus latency 
time for the external Host does not result in a 
FIFO overrun error condition on the internal CPU 
side. The threshold limit should be large enough 
to make a bus request by the UPI-452 to the ex- 
ternal host CPU worthwhile. Once a request for 
service is generated, the request remains active 
until the Output FIFO becomes empty. The range 
of values of the FIFO Output Threshold (OTHR) 
SFR is from 1 to the Output FIFO Size. The 
threshold number can be programmed via the 
OTHR SFR. 


2.) The second type of Request for Service is called 
"Flush Mode" and occurs when the internal CPU 
writes a Data Stream Command into the Output 
FIFO. Its purpose is to ensure that a data block 
entered into the Output FIFO, which is less than 
the programmed threshold, will generate a Re- 
quest for Service interrupt, if enabled, and be 
read, or "Flushed" from the Output FIFO, by the 
external host CPU regardless of the status of the 
OTHR SFR. 


Immediate Commands provide direct communica- 
tion between the external Host and UPI-452. Unlike 
Data Stream Commands which are entered into the 
FIFO, the Immediate Command is available to the 
receiving CPU directly, bypassing the FIFO. The Im- 
mediate Command can serve as a program vector 
pointing into a jump table in the recipients software. 
Immediate Command Interrupts are generated, if en- 
abled, and a bit in the appropriate Status Register is 
set when an Immediate Command is input or output. 
A similar bit is provided to acknowledge when an 
Immediate Command has been read and whether 
the register is available to receive another com- 
mand. The bits are reset when the Immediate Com- 
mands are read. Two Special Function Registers are 
dedicated to the Immediate Command interface. Ex- 
ternal addressing determines whether the Host is 
accessing the Input FIFO or the Immediate Com- 
mand IN (IMIN) SFR. The internal CPU writes Imme- 
diate Commands to the Immediate Command OUT 
(IMOUT) SFR. 


Both processors have the ability to enable or disable 
Immediate Command Interrupts. By disabling the in- 
terrupt, the recipient of the Immediate Command 
can poll the status SFR and read the Immediate 
Command at its convenience. 
Immediate Com- 


mands should only be written when the appropriate 
Immediate Command SFR is empty (as indicated in 
the appropriate status SFR:HSTAT/SSTAT). Simi- 
larly, the Immediate Command SFR should only be 
read when there is data in the Register. 


The flowcharts in Figure 7a and 7b illustrate the 
proper handshake mechanisms between the exter- 
nal Host and internal CPU when handling Immediate 
Commands. 
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The Internal 
CPU interfaces 
with the FIFO slave module 
via the following 
registers: 


1) Mode Special 
Function 
Register 
(MODE) 


2) Slave Control 
Special 
Function 
Register 
(SLCON) 


3) Slave Status Special 
Function 
Register 
(SST AT) 


Each register 
resides 
in the SFR Array and is accessible 
via all direct addressing 
modes except 
bit. Only the 
Slave Control 
Register 
(SLCON) 
is bit addressable. 


The MODE 
SFR provides 
the primary 
control 
of the external 
host-FIFO 
interface. 
It is included 
in the SFR 
Array so that the internal 
CPU can configure 
the external 
host-FIFO 
interface 
should the user decide that the 
UPI-452 
slave initialize 
itself independent 
of the external 
host CPU. 
, 


The MODE SFR can be directly 
modified 
by the internal CPU through 
direct address instructions. 
It can also be 
indirectly 
modified 
by the external 
host CPU by setting up a MODE SFR service routine in the UPI-452 program 
memory 
and having the host issue a Command, 
either 
Immediate 
or DSC, to vector 
to that routine. 


Symbolic 
Physical 
Address 
Address 


MODE 
MD6 
MD5 
I 
MD4 ~I 
OF9H 


(MSS) 
(LSS) 
Status On Reset: 


1" 
I 
0 
0 
0 
I~I 
1" 


MOl 
(reserved)" 


MD6 
Request 
for Service 
to external 
CPU via; 


1 = DMA (DRQIN/DRQOUT) 
request 
to external 
host when the Input or Output 
FIFO channel 
re- 
quests 
service 
o = Interrupt 
(INTRQIN/INTRQOUT 
or INTRQ) 
to external 
host 
when 
the 
Input 
or Output 
FIFO 
channel 
requests 
service 
or a DSC is encountered 
in the I/O Suffer Latch 


MD5 
Configure 
DRQIN/INTRQIN 
and DRQOUT /INTRQOUT 
to be either; 


1 = Enable 
(Actively 
driven) 
o = Disable 
(Tri-state) 


MD4 
Configure 
INTRQ to be either; 


1 = Enable 
(Actively 
driven) 
o = Disable 
(Tri-state) 


MD3 
(reserved)"" 


MD2 
(reserved)"" 


MD1 
(reserved)"" 


MOO 
(reserved)"" 


The Slave Control 
SFR is used to configure 
the FIFO-internal 
CPU interface. 
All interrupts 
are to the internal 
CPU. 


Symbolic 
Address 


SLCON 


Physical 
Address 


OE8H 
IFI 
I 
OFI 
I 
ICII 
I 
ICOI 
I 
FRZ Q 
IFRS 
I 


(MSB) 
Status On Reset: 


010100 
000 


OFRS 


(LSB) 


Enable Input FIFO Interrupt (due to Underrun Error Condition, Data Stream Command or Request 
Service) 
1 = Enable 
0= 
Disable 
Enable Output FIFO Interrupt (due to Overrun Error Condition or Request Service) 
1 = Enable 
0= 
Disable 
Note: If the DMA is configured to service a FIFO demand, then the Request for Service Interrupt is 
not generated. 
Generate Interrupt when a command is written to the Immediate Command in Register 
1 = Enable 
0= 
Disable 
Generate Interrupt when Immediate Command Out Register is Available 
1 = Enable 
0= 
Disable 
Enable FIFO DMA Freeze Mode 
1 = Normal operation 
o = FIFO DMA Freeze Mode 
(reserved) •• 


Input FIFO Channel Request for Service 
1 = Request when Input FIFO not empty 
o = Request when Input FIFO full 
Output FIFO Channel Request for Service 
1 = Request when Output FIFO not full 
o = Channel Request when Output FIFO empty 


SC2 
IFRS 


NOTES: 


•A '1' will be read from all SFR reserved locations except HCON SFR, HCOand HC2. 


"'reserved'-these 
locations are reserved for future use by Intel Corporation. 


The bits in the Slave Status SFR reflect the status of the FIFO-internal CPU interface. It can be read during an 
internal interrupt service routine to determine the nature of the interrupt or read during a polling sequence to 
determine a course of action. 
Symbolic 
Address 
Physical 
Address 


SSTAT 
OE9H 


~ 
Output FIFO Status ~ 


Status On Reset: 


___ 
1_0_ 
0 
0 


(MSB) 
(LSB) 


10-174 


inter 


SST? 
Output 
FIFO Overrun 
Error Condition 


1 = No Error 
o = Error (latched 
until Slave Status SFR is read) 


SST6 
Immediate 
Command 
Out Register 
Status 


1 = Full (Le. Host CPU has not read previous 
Immediate 
Command 
Out sent by internal 
CPU) 


0= 
Available 


SST5 
FIFO DMA Freeze Mode Status 


1 = Normal 
Operation 
o = FIFO DMA Freeze Mode in Progress 


SST4 
Output 
FIFO Request 
for Service 
Flag 


1 = Output 
FIFO does not request 
service 


o = Output 
FIFO requests 
service 


SST3 
Input FIFO Underrun 
Error Condition 
Flag 


1 = No Underrun 
Error 
o = Underrun 
Error (latched 
until Slave Status SFR is read) 


SST2 
Immediate 
Command 
In SFR Status 


1 = Empty 
o = Immediate 
Command 
received 
from host CPU 


SST1 
Data Stream 
Command/Data 
at Input FIFO Flag 


1 = Data (not DSC) 
o = DSC (at COMMAND 
IN SFR) 


SSTO 
Input FIFO Request 
For Service 
Flag 


1 = Input FIFO Does Not Request 
Service 


o = Input FIFO Request 
for Service 


The external 
host CPU has direct access 
to the following 
SFRs: 


1) Host Control 
Special 
Function 
Register 


2) Host Status Special 
Function 
Register 


It can also access 
other SFRs by commanding 
the internal 
CPU to change 
them accordingly 
via Data Stream 
Commands 
or Immediate 
Commands. 
The protocol 
for implementing 
this is entirely 
determined 
by the user. 


By writing to the Host Control 
SFR, the host can enable or disable 
FIFO interrupts 
and DMA requests 
and can 
reset the UPI-452. 


Symbolic 
Address 


HCON 


Physical 
Address 


OE?H 
HC? I 
HC6 I HC5 1HC4 I HC3 G 
HC1 


(MSB) 
Status On Reset: 


o 
1===0====0==_0_ 
o 
~I 
0 


intJ 


HC? 
Enable Output FIFO Interrupt due to Underrun Error Condition, Data Stream Command or Service 
Request 
1 = Enable 
0= 
Disable 
HC6 
Enable Input FIFO Interrupt due to Overrun Error Condition, or Service Request 


1 = Enable 
o = Disable 
HC5 
Enable the generation of the Interrupt due to Immediate Command Out being present 


1 = Enable 
0= 
Disable 
HC4 
Enable the Interrupt due to the Immediate Command In Register being Available for a new Immediate 
Command byte 
1 = Enable 
o = Disable 
HC3 
Reset UPI-452 
1 = Software RESET 
o = Normal Operation 


HC2 
(reserved)" 


HC1 
Select between INTRQ and INTRQIN/INTRQOUT as Request for Service interrupt signal when DMA is 
disabled 
1 = INTRQ 
o = INTRQIN or INTRQOUT 


HCO 
(reserved)" 


NOTES: 


•A '1' will be read from all SFR reserved locations except HCON SFR, HCOand HC2. 
"'reserved'-these 
locations are reserved for future use by Intel Corporation. 


The Host Status SFR provides information on the FIFO-Host Interface and can be used to determine the 
source of an external interrupt during polling. Like the Slave Status SFR, the Host Status SFR reflects the 
current status of the FIFO-external host interface. 


Symbolic 
Address 


HSTAT 


Physical 
Address 


OE6H 
+- Output FIFO Status .....• 


Status On Reset: 
I 


______ 
1 
1/0' I_~_~ 


HST7 Output FIFO Underrun Error Condition 


1 = No Underrun Error 
o 
= 
Underrun Error (latched until Host 
Status Register is read) 
HST6 
Immediate Command Out SFR Status 
1 = Empty 
o = Immediate Command Present 


HST5 
Data 
Stream 
Command/Data 
at 
Output 


FIFO Status 
1 = Data (not DSC) 
o = 
DSC (present at Output FIFO COM- 


MAND OUT SFR) 
(Note: Only if HST4= 0, if HST4= 1 then un- 
determined) 
HST4 Output FIFO Request for Service Status 


1 = No Request for Service 
o = Output FIFO Request for Service due to: 
a. Output 
FIFO containing 
the 
threshold 


number of bytes or more 


b. Internal CPU sending a block of data ter- 


minated by a DSC (DSC Flush Mode) 
HST3 
Input FIFO Overrun Error Condition 
1 = No Overrun Error 
o = Overrun Error (latched until Host Status 
Register is read) 
HST2 
Immediate Command In SFR Status 
1 = Full (Le. Internal CPU has not read pre- 
vious Immediate Command sent by Host) 
o = Empty 
• Reset value; 
'1' - 
if read by the external Host 


'0' - 
if read by internal CPU (reads shadow 


latch - see FIFO DMA Freeze Mode descrip- 
tion) 
HST1 
FIFO DMA Freeze Mode Status 
1 = Freeze Mode in progress. 
(In Freeze Mode, the bits of the Host Status 
SFR are forced to a '1' initially to prevent the 
external Host from attempting to access the 
FIFO. The definition of the Host Status SFR 
bits during FIFO DMA Freeze Mode can be 
found in FIFO DMA Freeze Mode descrip- 
tion) 
o = Normal Operation 
HSTO Input FIFO Request Service Status 


1 = Input FIFO does not request service 
o = Input FIFO request service due to the 
Input FIFO containing enough space for the 
host to write the threshold number of bytes 
or more 


FIFO MODULE 
- EXTERNAL 
HOST 


INTERFACE 


Overview 


The FIFO-external Host interface supports high 
speed asynchronous bi-directional 8-bit data trans- 
fers. The host interface is fully compatible with Intel 
microprocessor local busses and with MULTIBUS. 
The FIFO has two specialized DMA request pins for 
Input and Output FIFO channel DMA requests. 
These are multiplexed to provide a dedicated Re- 
quest 
for 
Service 
interrupt 
(DRQIN/INTRQIN, 


DRQOUT/INTRQOUT). 


The external Host can program, under user defined 
protocol, thresholds into the FIFO Input and Output 
Threshold SFRs which determine when the FIFO 
Request for Service interrupt is generated to the 
Host CPU. The FIFO module external Host interface 
is configured by the internal CPU via the MODE 
SFR. "The external Host can enable and disable 
Host interface interrupts via the Host Control SFR." 
Data Stream Commands in the Input FIFO channel 
allow the Host to influence the processing of data 
blocks and are sent with the data flow to maintain 
synchronization. Data Stream Commands in the 
Output FIFO Channel allow the internal CPU to per- 
form the same function, and also to set the Output 
FIFO Request Service status logic to the host CPU 
regardless of the programmed value in the Thresh- 
old SFR. 


Slave Interface 
Address Decoding 


The UPI-452 determines the desired Host function 
through address decoding. The lower three bits of 
the address as well as the READ, WRITE, Chip Se- 
lect (CS) and DMA Acknowledge (DACK) are used 
for decoding. Table 3 shows the pin states and the 
Read or Write operations associated with each con- 
figuration. 


Interrupts 
to the Host 


The UPI-452 interrupts the external Host via the 
INTRQ pin. In addition, the DRQIN and DRQOUT 
pins can be multiplexed as interrupt request lines, 
INTRQIN and INTRQOUT respectively, when DMA 
is disabled. This provides two special FIFO "Re- 
quest for Service" interrupts. 


There are eight FIFO-related interrupt sources; two 
from The Input FIFO; three from The Output FIFO; 
one from the Immediate Command Out SFR; one 
from the Immediate Command IN SFR; and one due 
to FIFO DMA Freeze Mode. 


INPUT FIFO: The Input FIFO interrupt is generated 
whenever: 
a. The Input FIFO contains space for a threshold 


number of bytes. 


inter 


DACK 
CS A2 A1 AO 
Read 
Write 


1 
1 
X 
X 
X 
No Operation 
No Operation 


1 
0 
0 
0 
0 
Data or DMA from Output 
FIFO Channel 
Data or DMA to Input FIFO Channel 


1 
0 
0 
0 
1 
Data Stream Command 
from Output 
FIFO Channel 
Data Stream 
Command 
to Input FIFO Channel 


1 
0 
0 
1 
0 
Host Status SFR Read 
Reserved 


1 
0 
0 
1 
1 
Host Control 
SFR Read 
Host Control 
SFR Write 


1 
0 
1 
0 
0 
Immediate 
Command 
SFR Read 
Immediate 
Command 
to SFR Write 


1 
0 
1 
1 
X 
Reserved 
Reserved 


0 
X 
X 
X 
X 
DMA Data from Output 
FIFO Channel 
DMA Data to Input FIFO Channel 


1 
0 
1 
0 
1 
Reserved 
Reserved 


NOTES: 
1. Attempting 
to read a DSC as a data byte will result 
in invalid 
data being 
read. The read pointers 
are not incremented 
so 
that the DSC is not lost. Attempting 
to read a data byte as a DSC has the same result. 


2. If DACK 
is active 
the 
UPI-452 
will attempt 
a DMA 
operation 
when 
RD or WR becomes 
active 
regardless 
of the 
DMA 
enable 
bit (MD6) 
in the MODE 
SFR. Care should 
be taken 
when 
using 
DACK. 
For proper 
operation, 
DACK 
must be driven 
high (+ 5V) when 
not using DMA. 


b. When 
an Input FIFO overrun 
error 
condition 
ex- 
ists. The appropriate 
bits in the Host Status 
SFR 


are set and the interrupt 
is generated 
only if en- 


abled. 


OUTPUT 
FIFO: The Output 
FIFO Request 
for Serv- 


ice Interrupt 
operates 
in a similar manner 
as the In- 


put FIFO interrupt: 


a. When the FIFO contains 
the threshold 
number of 


bytes or more. 


b. Output 
FIFO error condition 
interrupts 
are gener- 


ated when the Output 
FIFO is underrun. 


c. Data 
Stream 
Command 
present 
in the 
Output 


Buffer 
Latch. 


A Data Stream 
Command 
interrupt 
is used to halt 


normal 
processing, 
using the command 
as a vector 


to a service routine. When DMA is disabled, 
the user 


may program 
(through 
HC1) INTRQ to include 
FIFO 


Request 
for Service 
Interrupts 
or use INTRQIN 
and 


INTRQOUT 
as Request 
for Service 
Interrupts. 


IMMEDIATE 
COMMAND 
INTERRUPTS: 


a. An Immediate 
Command 
Out Interrupt 
is generat- 


ed, if enabled, 
to the Host and the corresponding 


Host 
Status 
SFR 
bit (HST AT HST6) 
is cleared, 
when 
the 
internal 
CPU writes 
to the 
Immediate 


Command 
OUT 
(IMOUT) 
SFR. 
When 
the 
Host 


reads 
the 
Immediate 
Command 
OUT 
(IMOUT) 


SFR 
the 
corresponding 
bit 
in the 
Host 
Status 


(HSTAT) SFR is set. This causes the Slave Status 
Immediate 
Command 
OUT 
Status 
bit 
(SSTAT 


SST6) to be cleared 
indicating 
that the Immediate 


Command 
OUT 
(IMOUT) 
SFR 
is empty. 
If en- 


abled, 
a FIFO-Slave 
Interface 
will also be gener- 
ated to the internal 
CPU. (See Figure 7b, Immedi- 
ate Command 
OUT Flowchart.) 


b. An Immediate 
Command 
IN interrupt 
is generat- 


ed, if enabled, 
to the Host when the internal 
CPU 


has read a byte from the Immediate 
Command 
IN 


(IMIN) SFR. The read operation 
clears 
the Host 


Status 
SFR 
Immediate 
Command 
IN Status 
bit 


(HST AT 
HST2) 
indicating 
that 
the 
Immediate 


Command 
IN SFR 
is empty. 
The 
corresponding 


Slave Status 
(SSTAT) 
SFR bit is also set to indi- 


cate 
an empty 
status. 
Setting 
the 
Slave 
Status 


SFR 
bit generates 
a FIFO-Slave 
Interface 
inter- 


rupt, if enabled, 
to the internal 
CPU. (See Figure 


7a, Immediate 
Command 
IN Flowchart.) 


NOTE: 
Immediate 
Command 
IN and OUT interrupts 
are ac- 


tually specific 
Request 
For Service 
interrupts 
to the 


Host. 


FIFO DMA FREEZE 
MODE: When the internal 
CPU 
invokes 
FIFO DMA Freeze Mode, for example 
at re- 


set or to reconfigure 
the 
FIFO interface, 
INTRQ 
is 


activated. 
The 
INTRQ 
can 
only 
be deactivated 
by 


the 
external 
Host 
reading 
the 
Host 
Status 
SFR 


(HST1 remains 
active until FIFO DMA Freeze 
Mode 


is disabled 
by the internal 
CPU). 


Once 
an interrupt 
is generated, 
INTRQ 
will remain 


high 
until 
no interrupt 
generating 
condition 
exists. 


For a FIFO underrun/overrun 
error interrupt, 
the in- 


terrupt 
condition 
is deactivated 
by the external 
Host 


reading 
the 
Host Status 
SFR. An interrupt 
is serv- 


iced by reading 
the Host Status 
SFR to determine 


the source 
of the interrupt 
and vectoring 
the appro- 


priate service 
routine. 


inter 


DMA Requests to the Host 


The UPI-452 
generates 
two DMA requests, 
DRQIN 


and DRQOUT, 
to facilitate 
data transfer 
between 
the 


Host 
and 
the 
Input 
and Output 
FIFO 
channels. 
A 


DMA acknowledge, 
DACK, is used as a Chip select 


and initiates a data transfer. 
The external 
READ and 


WRITE signals select the Input and Output 
FIFO re- 


spectively. 
The 
CS and address 
lines can also 
be 


used 
as a DMA 
acknowledge 
for 
processors 
with 


onboard 
DMA controllers 
which 
do not generate 
a 


DACK signal. 


The internal 
CPU can configure 
the UPI-452 
to re- 
quest service 
from the external 
host via DMA or in- 
terrupts 
by programming 
Mode SFR MD6 bit. In ad- 
dition 
the 
external 
Host 
enables 
DMA 
requests 


through 
bits 6 and 7 of the Host Control 
SFR. When 


a DMA request is invoked the number of bytes trans- 
ferred to the Input FIFO is the total number of bytes 
in the Input FIFO (as determined 
by the CBP SFR) 


minus 
the 
value 
programmed 
in the 
Input 
FIFO 


Threshold 
SFR. The DMA request 
line is activated 


only when the Input FIFO has a threshold 
number of 


bytes that can be transferred. 


The Output 
FIFO DMA request 
is activated 
when a 


DSC is written 
by the internal 
CPU at the end of a 


less than threshold 
size block of data (Flush Mode) 


or when the Output 
FIFO threshold 
is reached. 
The 


request 
remains active until the Input FIFO becomes 
full or the Output 
FIFO becomes 
empty. 
If a DSC is 


encountered 
during 
an Output 
FIFO DMA transfer, 
the DMA request 
is dropped 
until the DSC is read. 


The DMA request will be reactivated 
after the DSC is 


read and remains 
active 
until the Output 
FIFO be- 


comes 
empty 
or another 
DSC is encountered. 


FIFO MODULE· 
INTERNAL 
CPU 


INTERFACE 


The 
Input and Output 
FIFOs 
are accessed 
by the 


internal 
CPU through 
direct 
addressing 
of the FIFO 


IN/COMMAND 
IN and FIFO OUT/COMMAND 
OUT 


Special 
Function 
Registers. 
All of the 80C51 instruc- 
tions involving 
direct addressing 
may be used to ac- 
cess the FIFO's 
SFRs. The FIFO IN, COMMAND 
IN 


and Immediate 
Command 
In SFRs are actually 
read 


only 
registers, 
and 
their 
Output 
counterparts 
are 


write only. Internal 
DMA transfers 
data between 
In- 
ternal 
memory, 
External 
Memory 
and 
the 
Special 


Function 
Registers. 
The Special 
Function 
Registers 


appear 
as another 
group 
of dedicated 
memory 
ad- 


dresses 
and are programmed 
as the source or desti- 


nation via the DMAO/DMA 
1 Source Address 
or Des- 


tination 
Address 
Special 
Function 
Registers. 
The 


FIFO module 
manages 
the transfer 
of data between 


the external 
host and FIFO SFRs. 


Internal CPU Access to FIFO Via 
Software 
Instructions 


The internal 
CPU has access 
to the Input and Out- 


put FIFOs via the FIFO IN/COMMAND 
IN and FIFO 


OUT /COMMAND 
OUT 
SFRs 
which 
reside 
in the 


Special 
Function 
Register 
Array. At the end of every 


instruction 
that involves 
a read of the FIFO IN/COM- 


MAND 
IN SFR, the 
SFR is written 
over 
by a new 


byte from the Input FIFO channel 
when available. 
At 


the end of every instruction 
that involves 
a write to 


the FIFO OUT/COMMAND 
OUT SFR, the new byte 


is written into the Output 
FIFO channel 
and the write 


pointer is incremented 
after the write operation 
(post 


incremented). 


The internal 
CPU reads the Input FIFO by using the 


FIFO IN/COMMAND 
IN SFR as the source 
register 


in an instruction. 
Those 
instructions 
which 
read the 


Input FIFO are listed below: 


ADD 
A,FIFO 
IN/COMMAND 
IN 


ADDC 
A,FIFO 
IN/COMMAND 
IN 


PUSH 
FIFO 
IN/COMMAND 
IN 


ANL 
A,FIFO 
IN/COMMAND 
IN 


ORL 
A,FIFO 
IN/COMMAND 
IN 


XRL 
A,FIFO 
IN/COMMAND 
IN 


CJNE 
A,FIFO 
IN/COMMAND 
IN, 
rei 


SUBB 
A,FIFO 
IN/COMMAND 
IN 


MOV 
direct,FIFO 
IN/COMMAND 
IN 


MOV 
@Ri,FIFO 
IN/COMMAND 
IN 


MOV 
Rn,FIFO 
IN/COMMAND 
IN 


MOV 
A,FIFO 
IN/COMMAND 
IN 


After each access 
to these 
registers, 
they are over- 


written 
by a new byte from the FIFO. 


NOTE: 
Instructions 
which 
use the FIFO 
IN or COMMAND 


IN SFR 
as both 
a source 
and destination 
register 


will have the data destroyed 
as the next data byte 


is rewritten 
into the FIFO 
IN register 
at the end of 


the instruction. 
These 
instructions 
are not support- 


ed 
by the 
UPI-452 
FIFO. 
Data 
can 
only 
be 
read 


through 
the 
FIFO 
IN SFR 
and 
DSCs 
through 
the 


COMMAND 
IN SFR. 
Data 
read through 
the 
COM- 


MAND 
IN SFR 
will 
be read 
as OFFH, and 
DSCs 


read 
through 
the 
FIFO 
IN 
SFR 
will 
be 
read 
as 


OFFH. 
The 
Immediate 
Command 
in SFR 
is read 


with 
the 
same 
instructions 
as 
the 
FIFO 
IN 
and 


COMMAND 
IN SFRs. 
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mand In SFRs are read only registers. Any write op- 
eration performed on these registers will be ignored 
and the FIFO pointers will remain intact. 


The internal CPU uses the FIFO OUT SFR to write 
to the Output FIFO and any instruction which uses 
the FIFO OUT or COMMAND OUT SFR as a desti- 
nation will invoke a FIFO write. DSCs are differenti- 
ated from data by writing to the COMMAND OUT 
SFR. In the FIFO, Data Stream Commands have the 
ninth bit associated with the command byte set to 
"1". The instructions used to write to the Output 
FIFO are listed below: 


MOV FIFO OUT/COMMOUT, A 
MOV FIFO OUT/COMMOUT, direct 
MOV FIFO OUT/COMMOUT, Rn 
POP FIFO OUT/COMMOUT 
MOV FIFO OUT/COMMOUT, 
#data 


MOV FIFO OUT/COM MOUNT, @Ri 


NOTE: 


Instructions which use the FIFO OUT/COMMAND 
OUT SFRs as both a source and destination regis- 
ter cause invalid data to be written into the Output 
FIFO. These instructions are not supported by the 
UPI-452 FIFO. 


There are two identical General Purpose DMA Chan- 
nels on the UPI-452 which allow high speed data 
transfer from one writeable memory space to anoth- 
er. As many as 64K bytes can be transferred in a 
single 
DMA 
operation. 
The 
following 
memory 


spaces can be used with DMA channels: 
• Internal Data Memory 
• External Data Memory 


• Special Function Registers 


The Special Function Register array appears as a 
limited group of dedicated memory addresses. The 
Special Function Registers may be used in DMA 
transfer operations by specifying the SFR as the 
source or destination address. The Special Function 
Registers which may be used in DMA transfers are 
listed in Table 4. Table 4 also shows whether the 
SFR may be used as Source or Destination only, or 
both. 


The FIFO can be accessed during DMA by using the 
FIFO IN SFR as the DMA Source Address Register 
(SAR) or the FIFO OUT SFR as the Destination Ad- 


dress Register (OAR). (Note: Since the FIFO IN SFR 
is a read only register, the DMA transfer will be ig- 
nored if it is used as a DMA OAR. This is also true if 
the FIFO OUT SFR is used as a DMA SAR.) 


Each DMA channel is software programmable to op- 
erate in either Block Mode or Demand Mode. In the 
Block Mode, DMA transfers can be further pro- 
grammed to take place in Burst Mode or Alternate 
Cycle mode. In Burst Mode, the processor halts its 
execution and dedicates its resources to the DMA 
transfer. In Alternate Cycle Mode, DMA cycles and 
instruction cycles occur alternately. 


In Demand Mode, a DMA transfer occurs only when 
it is demanded. Demands can be accepted from an 
external device (through External Interrupt pins, 
EXTO/EXT1) or from either the Serial Channel or 
FIFO flags. In this way, a DMA transfer can be syn- 
chronized to an external device, the FIFO or the Se- 
rial Port. If the External Interrupt is configured in 
Edge Mode, a single byte transfer occurs per tran- 
sition. The external interrupt itself will occur if en- 
abled. If the External Interrupt is configured in Level 
Mode, DMA transfers continue until the External In- 
terrupt request goes inactive or the byte count be- 
comes zero. The following flags activate Demand 
Mode transfers of one byte to/from the FIFO or Seri- 
al Channel: 


RI - Serial Channel Receiver Buffer Full 
TI - Serial Channel Transmitter Buffer Empty 


There are three 16 bit and one 8 bit Special Function 
Registers associated with each DMA channel. 
• The 16 bit Source Address SFR (SAR) points to 


the source byte. 


• The 16 bit Destination Address SFR (OAR) points 


to the destination. 


• The 16 bit Byte Count SFR (BCR) contains the 


number of bytes to be transferred and is decre- 
mented when a byte transfer is accomplished. 


• The DMA Control SFR (DCON) is eight bits wide 


and specifies the source memory space, destina- 
tion memory space and the mode of operation. 


In Auto Increment mode, the Sour{;e Address and/ 
or Destination Address is incremented when a byte 
is transferred. When a DMA transfer is complete 
(BCR = 0), the DONE bit is set and a maskable 
interrupt is generated. The GO bit must be set to 
start any DMA transfer (also, the Slave Control SFR 
FRZ bit must be set to disable FIFO DMA Freeze 
Mode). The two DMA channels are designated as 
DMAOand DMA1, and their corresponding registers 
are suffixed by 0 or 1; e.g. SARO,OAR1, etc. 


inter 


SFR 
Symbol 
Address 
Source 
Destination 
Either 
Only 
Only 


Accumulator 
A/ACC 
OEOH 
Y 
B Register 
B 
OFOH 
y 


FIFO IN 
FIN 
OEEH 
Y 


COMMAND 
IN 
CIN 
OEFH 
y 


FIFO OUT 
FOUT 
OFEH 
Y 


COMMAND 
OUT 
COUT 
OFFH 
Y 


Serial Data Buffer 
SBUF 
099H 
y 


Port 0 
PO 
080H 
y 


Port 1 
P1 
090H 
Y 
Port 2 
P2 
OAOH 
Y 
Port 3 
P3 
OBOH 
y 


Port 4 
P4 
OCOH 
Y 


DMA Special Function Registers 


DMA Control 
SFR: DCONO, DCON1 


Symbolic 
Address 


DCONO 


DCON1 


Physical 
Address 


092H 


093H 


(MSB) 


Reset Status: DCONO and DCON1 = OOH 


DAS 
IDA 
Destination 
Address 
Space 


0 
0 
External Data Memory without Auto-Increment 
0 
1 
External Data Memory with Auto-Increment 
1 
0 
Special Function 
Register 


1 
.'. 
1 
Internal Data Memory 


SAS 
ISA 
Source Address 
Space 


0 
0 
External Data Memory without Auto-Increment 
0 
1 
External Data Memory with Auto-Increment 
1 
0 
Special Function 
Register 


1 
1 
Internal Data Memory 


DM 
TM 
DMA Transfer 
Mode 


0 
0 
Alternate-Cycle 
Transfer 
Mode 


0 
1 
Burst Transfer 
Mode 


1 
0 
FIFO or Serial Channel 
Demand Mode 
1 
1 
External 
Demand 
Mode 


inter 


DMA transfer 
Flag: 


o 
DMA transfer 
is not completed. 


1 
DMA transfer 
is complete. 


NOTE: 


This 
flag 
is set when 
contents 
of the 
Byte 
Count 
SFR 
decrements 
to zero. 
It is reset 
automatically 


when the DMA vectors 
to its interrupt 
routine. 


GO 
Enable 
DMA Transfer: 


o 
Disable 
DMA transfer 
(in all modes). 


1 
Enable DMA transfer. 
If the DMA is in 


the Block mode, start DMA transfer 
if 
possible. 
If it is in the Demand 
mode, 
enable the channel 
and wait for a de- 
mand. 


NOTE: 


The GO bit is reset when 
the 
BCR decrements 
to 


zero. 


The following 
four modes of DMA operation 
are pos- 


sible in the UPI-452. 


General 


Alternate 
cycle 
mode is useful when CPU process- 
ing 
must 
occur 
during 
the 
DMA 
transfers. 
In this 


mode, 
a DMA cycle 
and an instruction 
cycle 
occur 


alternately. 
The interrupt 
request 
is generated 
(if en- 
abled) at the end of the process, 
Le. when BCR dec- 
rements 
to zero. The transfer 
is initiated 
by setting 


the GO bit in the DCON SFR. 


Alternate-Cycle 
FIFO Demand 
Mode 


Alternate 
cycle 
demand 
mode 
is useful 
for 
FIFO 


transfers 
of a less urgent 
nature. As mentioned 
be- 


fore, 
CPU 
instruction 
cycles 
are 
interleaved 
with 


DMA transfer 
cycles, 
allowing 
true parallel 
process- 


ing. 


This mode differs 
from 
FIFO Demand 
Mode in that 


CPU 
instruction 
cycles 
must 
be 
interleaved 
with 


DMA transfers, 
even if the FIFO is demanding 
DMA. 


In FIFO Demand 
Mode, CPU cycles would never oc- 
cur if the FIFO demand 
was present. 


Input Channel 


The 
DMA is configured 
as in FIFO 
Demand 
Mode 
and transfers 
are initiated 
whenever 
an Input FIFO 


service 
request 
is generated. 
DMA transfer 
cycles 


are 
alternated 
with 
instruction 
execution 
cycles. 


DMA" transfers 
are terminated 
as in FIFO 
Demand 


Mode. 


Output 
Channel 


The DMA is configured 
as in FIFO 
Demand 
Mode 


and transfers 
are initiated 
whenever 
an Output 
FIFO 


requests 
service. 
DMA transfer 
cycles are alternated 


with instruction 
execution 
cycles. 
DMA transfers 
are 


terminated 
as in FIFO Demand 
Mode. 


The FIFO logic resets 
the interrupt 
flag after trans- 
ferring 
the byte, so the interrupt 
is never generated. 


Once the DMA is programmed 
to service 
the FIFO, 


the request for service interrupt 
for the FIFO is inhib- 


ited until the DMA is done (BCR = 0). 


In BURST 
mode the DMA is initiated 
by setting 
the 


GO bit in the DCON SFR. The DMA operation 
con- 


tinues 
until 
BCR 
decrements 
to 
zero 
(zero 
byte 


count), 
then 
an interrupt 
is generated 
(if enabled). 


No interrupts 
are recognized 
during 
a DMA opera- 


tion once started. 


Input Channel 


The FIFO Input Channel 
can be used in burst mode 


by specifying 
the FIFO IN SFR as the DMA Source 
Address. 
DMA transfers 
begin 
when 
the GO bit in 


the DMA Control 
SFR is set. The number of bytes to 


be transferred 
must be specified 
in the Byte Count 


SFR (BCR) and auto-incrementing 
of the SAR must 


be disabled. 
Once the GO bit is set nothing 
can in- 
terrupt 
the transfer 
of data until the BCR is zero. In 
this mode, a Data Stream 
Command 
encountered 
in 


the FIFO will be held in the COMMAND 
IN SFR with 
the pointers 
frozen, 
and 
invalid 
data 
(FFH) 
will be 
read 
through 
the 
FIFO 
IN SFR. 
If the 
input 
FIFO 


becomes 
empty 
during the block transfer, 
an OFFH 


will be read until BCR decrements 
to zero. 


Output 
Channel 


The 
Output 
FIFO 
Channel 
can 
be 
used 
in burst 


mode 
by specifying 
the 
FIFO 
OUT 
or COMMAND 


OUT 
SFR as the 
DMA 
Destination 
Address. 
DMA 
transfers 
begin when 
the GO bit is set. This mode 
can be used to send a block 
of data or a block 
of 


Data Stream 
Commands. 
If the FIFO becomes 
full 


during the block transfer, 
the remaining 
data will be 


lost. 


NOTE: 
All interrupts 
including 
FIFO interrupts 
are not rec- 
ognized 
in 
Burst 
Mode. 
Burst 
Mode 
transfers 


should 
be used to service 
the FIFO only when the 


user is certain 
that no Data Stream 
Commands 
are 


in the block to be transferred 
(Input FIFO) and that 


the FIFO contains 
enough 
space to store the block 


to be transferred. 
In all other cases Alternate 
Cycle 


or Demand 
Mode should 
be used. 


3. FIFO AND SERIAL 
CHANNEL 
DEMAND 


MODES 


NOTES: 
1. If the 
output 
FIFO 
is configured 
as a one 
byte 


buffer 
and the user program 
consists 
of two-cycle 


instructions 
only, then Alternate-Cycle 
Mode should 


be used. 
2. In non-auto 
increment 
mode for internal 
to exter- 
nal, or external 
to internal 
transfers, 
the lower 8 bits 


of the 
external 
address 
should 
not correspond 
to 


the FIFO or Serial Port address. 


FIFO Demand 
Mode 


Although 
any DMA mode is possible 
using the FIFO 


buffer, only FIFO Demand 
and Alternate 
Cycle FIFO 


Demand 
Modes 
are recommended. 
FIFO 
Demand 


Mode 
DMA transfers 
using the input FIFO Channel 


are set-up 
by setting 
the GO bit and specifying 
the 


FIFO IN register 
as the DMA Source Address 
Regis- 


ter. The BCR should be set to the maximum 
number 


of expected 
transfers. 
The user must also program 


bit 1 of the Slave 
Control 
Register 
(SC1) to deter- 
mine whether 
the Slave Status 
(SSTAT) 
SFR FIFO 


Request 
For Service 
Flag will be activated 
when the 


FIFO becomes 
not empty or full. Once the Request 


For Service 
Flag is activated 
by the FIFO, the DMA 


transfer 
begins, 
and continues 
until the request 
flag 


is deactivated. 
While 
the request 
is active, 
nothing 


can 
interrupt 
the 
DMA 
(Le. it behaves 
like 
burst 


mode). The DMA Request 
is held active until one of 


the following 
occurs: 


1) The FIFO becomes 
empty. 


2) A Data 
Stream 
Command 
is encountered 
(this 


generates 
a FIFO 
interrupt 
and 
DMA 
operation 


resumes 
after 
the 
Data 
Stream 
Command 
is 


read). 


3) BCR 
= 0 (this generates 
a DMA 
interrupt 
and 


sets the DONE bit). 


DMA transfers 
to the Output 
FIFO Channel 
are simi- 
lar. The FIFO OUT or COMMAND 
OUT SFR is the 


DMA 
Destination 
Address 
SFR 
and 
a transfer 
is 


started 
by setting 
the GO bit. The user programs 
bit 


o of 
the 
Slave 
Control 
SFR 
(SCO) to 
determine 


whether 
a demand 
occurs 
when 
the 
Output 
FIFO 


is not full or empty. 
DMA transfers 
begin when 
the 


Request 
For Service 
Flag is activated 
by the FIFO 


logic and continue 
as long as the flag is active. The 


Flag remains active until one of the following 
occurs: 


1) The FIFO becomes 
full 


2) BCR = 
0 (this generates 
a DMA 
interrupt 
and 


sets the DONE bit). 


As in Alternate 
Cycle FIFO Demand 
Mode, the FIFO 


logic 
resets 
the 
interrupt 
flag after 
transferring 
the 


byte, so the interrupt 
is never generated. 


After the GO bit is set, the DMA is activated 
if one of 


the following 
conditions 
takes place: 


SAR(0/1) 
= FIFO IN and HIFRS flag is set 


DAR(0/1) 
= FIFO OUT and HOFRS flag is set 


The 
HIFRS 
and 
HOFRS 
signals 
are internal 
flags 


which 
are not accessible 
by software. 
These 
flags 


are similar to the SSTO and SST4 flags in the Slave 
Status 
Register 
except 
that they are of the opposite 


polarity 
and once 
set they are not cleared 
until the 
Input FIFO becomes 
empty 
(HIFRS) 
or the Output 


FIFO becomes 
full (HOFRS). 


Serial Channel 
Demand 
Mode 


Serial 
Channel 
Demand 
Mode 
is the logical 
choice 


when using the Serial 
Port. The DMAs can be acti- 
vated 
by one of the Serial Channel 
Flags. Receiver 
interrupt 
(RI) or Transmitter 
Interrupt 
(TI). 


SAR(0/1) 
= SBUF and RI flag is set 


DAR(0/1) 
= SBUF and TI flag is set 


NOTE: 
TI flag must 
be set by software 
to initiate 
the first 


transfer. 


When 
the 
DMA 
transfer 
begins, 
only 
one 
byte 
is 


transferred 
at a time. The serial port hardware 
auto- 


matically 
resets 
the 
flag 
after 
completion 
of 
the 


transfer, 
so an interrupt 
will not be generated 
unless 


DMA 
servicing 
is held 
off 
due 
to the 
DMA 
being 


done 
(BCR = 0) or when 
the Hold/Hold 
Acknowl- 


edge logic is used and the DMA does 
not own the 


bus. In this case a Serial Port interrupt 
may be gen- 


erated 
if enabled 
because 
of the status of the RI or 


TI flags. 


In FIFO 
demand 
mode, 
Alternate 
cycle 
FIFO 
de- 


mand mode or Serial Port demand 
mode only one of 
the following 
registers 
(SBUF, FIN or FOUT) should 


be used as either the SAR or DAR registers 
to pre- 


vent 
undesired 
transfers. 
For example 
if SARO = 


FIN and DARO = SBUF in demand 
mode, the DMA 


transfer 
will start if either the HIFRS or TI flags are 


set. 


inter 


The DMA can be initiated by an external device via 
External interrupt 0 and 1 (INTO/INT1) pins. The 
INTOpin demands DMAO(Channel 0) and INT1 de- 
mands DMA1 (Channel 1). If the interrupts are con- 
figured in edge mode, a single byte transfer is ac- 
complished for every request. Interrupts also result 
(INTO and INT1) after every byte transfer (if en- 
abled). If the interrupts are configured in level mode, 
the DMA transfer continues until the request goes 
inactive or BCR = O.In either case, a DMA interrupt 
is generated (if enabled) when BCR = O.The GO bit 
must be set for the transfer to begin. 


When transferring data to or from external memory 
via DMA, the HOLD (HLD) and HOLD-ACKNOWL- 
EDGE (HLDA) signals are used for handshaking. 
The HOLD and HOLD-ACKNOWLEDGE are active 
low signals which arbitrate control of the local bus. 
The UPI-452 can be used in a system where multi- 
masters are connected to a single parallel Address/ 
Data bus. The HLD/HLDA signals are used to share 
resources (memory, peripherals, etc.) among all the 
processors on the local bus. The UPI-452 can be 
configured in any of three different External Memory 
Modes controlled by bits 5 and 6 (REQ & ARB) in 
the PCON SFR (Table 5). Each mode is described 
below: 


REQUESTER MODE: In this mode, the UPI-452 is 
not the bus master, but must request the bus from 
another device. The UPI-452 configures port pin 
P1.5 as a HLD output and pin P1.6 as a HLDA input. 
The UPI-452 issues a HLD signal when it needs ex- 
ternal access for a DMA channel. It uses the local 
bus after receiving the HLDA signal from the bus 
master, and will not release the bus until its DMA 
operation is complete. 


ARBITER MODE: In this mode, the UPI-452 is the 
bus master. It configures port pin P1.5 as HLD input 
and pin P1.6 as HLDA output. When a device as- 
serts the HLD signal to use the local bus, the UPI- 
452 asserts the HLDA signal after current instruction 
execution is complete. If the UPI·452 needs an ex- 
ternal access via a DMA channel, it waits until the 
requester releases the bus, HLD goes inactive. 


DISABLE MODE: When external program memory is 
accessed by an instruction or by program counter 
overflow beyond the internal ROM address or exter- 
nal data memory is accessed by MOVX instructions, 
it is a local memory access and the HLD/HLDA logic 
is not initiated. When a DMA channel attempts data 
transfer to/from 
the external data memory, the 


HLD/HLDA logic is initiated as described below. 
DMA transfers from the internal memory space to 
the internal memory space does not initiate the 
HLD/HLDA logic. 


The balance of the PCON SFR bits are described in 
the "SOC51 Register Description: Power Control 
SFR" section below. 


When the GO bit is set, the UPI-452 finishes the 
current instruction before starting the DMA opera- 
tion. Thus the maximum latency is 3.0 microseconds 
(at 16 MHz). 


Each DMA channel has a unique vectored interrupt 
associated with it. There are two vectored interrupts 
associated with the two DMA channels. The DMA 
interrupts are enabled and priorities set via the Inter- 
rupt Enable and Priority SFR (see "Interrupts" sec- 
tion). The interrupt priority scheme is similar to the 
scheme in SOC51. 


Symbolic 
Address 


PCON 
--~-"~-" 
(MSB) 
"Defined as per MLS-51 Data Sheet 
Reset Status: OOH 


Physical 
Address 


S7H 


ARB 
REQ 


0 
0 
HLD/HLDA logic is disabled. 
0 
1 
The UPI-452 is in the Requester Mode. 
1 
0 
The UPI-452 is in the Arbiter Mode. 


1 
1 
Invalid 


inter 


When a DMA operation is complete (BCR decre- 
ments to zero), the DONE flag in the respective 
DCON (DCONOor DCON1) SFR is set. If the DMA 
interrupt is enabled, the DONE flag is reset automat- 
ically upon vectoring to the interrupt routine. 


If a Burst Mode DMA transfer is in progress, the in- 
terrupts are not serviced until the DMA transfer is 
complete. This is also true for level activated Exter- 
nal Demand DMA transfers. During Alternate Cycle 
DMA transfers, however, the interrupts are serviced 
at the end of the DMA cycle. After that, DMA cycles 
and instruction execution cycles occur alternately. In 
the case of edge activated External Demand Mode 
DMA transfers, the interrupt is serviced at the end of 
DMA transfer of that single byte. 


Only one of the two DMA channels is active at a 
time, except when both are configured in the Alter- 
nate Cycle mode. In this case, the DMA cycles and 
Instruction Execution cycles occur in the following 
order: 
1. DMA Cycle O. 
2. Instruction execution. 
3. DMA Cycle 1. 
4. Instruction execution. 


DMAO has priority over DMA1 during simultaneous 
activation of the two DMA channels. If one DMA 
channel is active, the other DMA channel, if activat- 
ed, waits until the first one is complete. 


If DMAOis already in the Alternate Cycle mode and 
DMA1 is activated in Alternate Cycle Mode, it will 
take two instruction cycles before DMA1 is activated 
(due to the priority of DMAO).Once DMA1 becomes 
active, the execution will follow the normal se- 
quence. 


If DMAOis already in the Alternate Cycle mode and 
DMA1 is activated in Burst Mode, the DMA1 Burst 
transfer will follow the DMAOAlternate Cycle trans- 
fer (after the completion of the next instruction). 


If the UPI-452 (as a Requester) asserts a HLD signal 
to request a DMA transfer (see "External Memory 
DMA")and its other DMA Channel requests a trans- 
fer before the HLDA signal is received, the channel 
having higher priority is activated first. A Burst Mode 
transfer on channel 0 can not be interrupted since 
DMAO has the highest priority. A Demand Mode 
transfer on channel 0 is the only type of activity that 
can interrupt a block transfer on DMA1. 


If, while executing a DMA transfer, the Arbiter re- 
ceives a HLD signal, and then before it can acknowl- 
edge, its other DMA Channel requests a transfer, it 
then completes the second DMA transfer before 
sending the HLDA signal to release the bus to the 
HLD request. 


DMA transfers may be held off under the following 
conditions: 
1. A write to any of the DMA registers inhibits the 


DMA for one instruction cycle. 


NOTE: 
An instruction cycle may be executed in 1, 2 or 4 
machine cycles dependent on the instruction being 
executed. DMA transfers are only executed after 
the completion of an instruction cycle never be- 
tween machine cycles of a single instruction cycle. 
Similarly instruction cycles are only executed upon 
completion of a DMA transfer whether it be a one 
machine cycle transfer or two machine cycles (for 
ext. to ext. memory transfers). 


2. A single machine cycle DMA register read opera- 


tion (Le. MOV A, DCa NO)will inhibit the DMA for 
one instruction cycle. However a two cycle DMA 
register read operation will not inhibit the DMA 
(Le. MOV P1, DCONO). 


If the HOLD/HOLD Acknowledge logic is enabled in 
requestor mode the hold request will go active once 
the go bit has been set (for burst mode) and once 
the demand flag is set (for demand mode) regard- 
less of whether the DMA is held off by one of the 
above conditions. 
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The UPI-452 provides 
a total of eight interrupt 
sourc- 
es (Table 
6). Their 
operation 
is the same 
as in the 


80C51, 
with 
the 
addition 
of 
three 
new 
interrupt 
sources 
for the 
UPI-452 
FIFO 
and 
DMA 
features. 
These added interrupts 
have their enable 
and priori- 
ty bits in the Interrupt 
Enable and Priority (IEP) SFR. 


The 
IEP SFR 
is in addition 
to the 80C51 
Interrupt 


Enable (IE) and Interrupt 
Priority (IP) SFRs. The add- 
ed interrupt 
sources 
are also globally 
enabled 
or dis- 
abled by the EA bit in the Interrupt 
Enable SFR. Ta- 


ble 6 lists the eight interrupt 
sources 
in order of pri- 


ority. 
Table 
7 lists the 
eight 
interrupt 
sources 
and 


their respective 
address 
vector 
location 
in program 


memory. 
(DMA interrupts 
are discussed 
in the "Gen- 


eral Purpose 
DMA Channels" 
section. 
Additional 
in- 


terrupt 
information 
for Timer/Counter, 
Serial 
Chan- 


nel, External 
Interrupt 
may be found in the Microcon- 


troller 
Handbook 
for the 80C51.) 


The FIFO module 
generates 
interrupts 
to the inter- 
nal 
CPU 
whenever 
the 
FIFO 
requests 
service 
or 


when a Data Stream Command 
is in the COMMAND 


IN SFR. The Input FIFO will request service whenev- 
er it becomes 
full or not empty depending 
on bit 1 of 


the Slave Control 
SFR (IFRS). Similarly, 
the Output 


Table 6. Interrupt Priority 


Interrupt Source 
Priority Level 
(highest) 
o 
1 
2 
3 
4 
5 
6 
7 
(lowest) 


Table 7. Interrupt Vector Addresses 
Interrupt Source 
Starting Address 


External 
Interrupt 
0 
3 (003H) 


Internal Timer/Counter 
0 
11 (OOBH) 


External 
Interrupt 
1 
19 (013H) 


Internal Timer/Counter 
1 
27 (01 BH) 


Serial Channel 
35 (023H) 


FIFO - Slave Bus Interface 
43 (02BH) 


DMA Channel 
0 Request 
51 (033H) 


DMA Channel 
1 Request 
59 (03BH) 


External 
Interrupt 
0 
Internal Timer/Counter 
0 
DMA Channel 
0 Request 
Ex1ernal Interrupt 
1 
DMA Channel 
1 Request 
Internal Timer/Counter 
1 
FIFO - Slave Bus Interface 
Serial Channel 


FIFO 
requests 
service 
when 
it becomes 
empty 
or 


not full as determined 
by bit 0 of the Slave Control 


SFR 
(OFRS). 
Request 
for 
Service 
interrupts 
are 


generated 
only if enabled 
by the internal 
CPU via the 


Interrupt 
Enable SFR, and the Slave Control 
Regis- 


ter. 


• 
• 
_ 
• 
oJ 
whenever 
there 
is a Data Stream 
Command 
in the 


COMMAND 
IN SFR. The 
interrupt 
is generated 
to 


ensure 
that the internal 
interrupt 
is recognized 
be- 


fore another 
instruction 
is executed. 


Immediate 
Command 
Interrupts 


a. An Immediate 
Command 
IN interrupt 
is generat- 


ed, if enabled, 
to the internal 
CPU when the Host 


has written 
to the Immediate 
Command 
IN (IMIN) 


SFR. The write operation 
clears the Slave Status 


SFR bit (SSTAT 
SST2) and sets the Host Status 


SFR bit (HST AT HST2) to indicate 
that a byte is 


present 
in 
the 
Immediate 
Command 
IN 
SFR. 


When the internal CPU reads the Immediate 
Com- 


mand IN (IMIN) SFR the Slave Status SFR status 
bit is set, and the Host Status 
SFR status 
bit is 


cleared 
indicating 
the IMIN SFR is empty. 
Clear- 
ing the Host Status SFR bit will cause a Request 
For Service (INTRQ) interrupt, 
if enabled, to signal 


the Host that the IMIN SFR is empty. 
(See Figure 


7a, Immediate 
Command 
IN Flowchart.) 


b. An Immediate 
Command 
OUT interrupt 
is gener- 


ated, 
if enabled, 
to the 
internal 
CPU when 
the 


Host 
has 
read 
the 
Immediate 
Command 
OUT 


SFR. 
The 
Host 
read 
causes 
the 
Slave 
Status 


Interrupt 
Enable SFR (IE) 


Symbolic 
Address 


IE 


.................•...... 
.., 
..,...•••"'.l'..~ __ 
I 
un 
,....,....,IMI 
uulU} 
LV 


be 
set 
and 
the 
corresponding 
Host 
Status 
bit 


(HSTAT HST6) to be cleared 
indicating 
the SFR is 


empty. When the internal CPU writes to the Imme- 
diate Command 
OUT SFR, the Host Status 
bit is 


set and Slave Status bit is cleared 
to indicate 
the 


SFR is full. (See Figure 7b, Immediate 
Command 


OUT Flowchart.) 


NOTE: 
Immediate 
Command 
IN and OUT interrupts 
are ac- 


tually specific 
FIFO-Slave 
Interface 
interrupts 
to the 


internal 
CPU. 


One instruction 
from the main program 
is executed 


between 
two consecutive 
interrupt 
service 
routines 


as in the 80C51. 
However, 
if the second 
interrupt 


service 
routine 
is due to a Data Stream 
Command 


Interrupt, 
the main program 
instruction 
is not execut- 


ed (to prevent 
misreading 
of invalid data). 


Interrupt 
Enabling and Priority 


Each of the three interrupt 
special function 
registers 


(IE, IP and IEP) is listed below with its corresponding 
bit definitions. 


Physical 
Address 


OA8H 


Symbol 
Position 
Function 


EA 
1E.7 
Enables all interrupts. 
If EA = 0, no interrupt will be 


acknowledged. 
If EA = 1, each interrupt 
source is 


individually 
enabled 
or disabled 
by setting or clearing 
its 


enable bit. 
- 
1E.6 
(reserved) 
- 
1E.5 
(reserved) 


ES 
lEA 
Serial Channel 
interrupt enable 


ET1 
IE.3 
Internal Timer/Counter 
1 Overflow 
Interrupt 
EX1 
IE.2 
External 
Interrupt 
Request 
1. 
ETO 
IE.1 
Internal Timer/Counter 
0 Overflow 
Interrupt 
EXO 
IE.O 
External 
Interrupt 
Request O. 


A priority level of 0 or 1 may be assigned to each interrupt 
source, with 1 being higher priority level, through the 
IP and the IEP (Interrupt 
Enable and Priority) SFR. A priority level of 1 interrupt 
can interrupt 
a priority 
level 0 
service 
routine 
to allow nesting 
of interrupts. 


Symbolic 
Address 


IP 


Physical 
Address 


OB8H 


Symbol 
Position 
Function 
Priority Within 
A Level 
, 


(lowest) 
- 
IP.7 
(reserved) 
- 
- 
IP.6 
(reserved) 
- 
- 
IP.5 
(reserved) 
- 
PS 
IP.4 
Local Serial Channel 
0.7 
PT1 
IP.3 
Internal Timer/Counter 
1 
0.5 
PX1 
IP.2 
External 
Interrupt 
Request 
1 
0.3 
PTO 
IP.1 
Internal Timer/Counter 
0 
0.1 
PXO 
IP.O 
External 
Interrupt 
Request 0 
0.0 
(highest) 


The Interrupt 
Enable and Priority Register 
establishes 
the enabling 
and priority of those resources 
not covered 


in the Interrupt 
Enable and Interrupt 
Priority SFRs. 


Symbolic 
Address 


IEP 
I__ 
I~ 
PFIFO I EDMAO I EDMA1 I PDMAO I PDMA1 I EFIFO I 


(MSB) 
(LSB) 


Physical 
Address 


OF8H 


Priority 
Symbol 
Position 
Function 
Within a 
Level 
- 
IEP.7 
(reserved) 
- 
IEP.6 
(reserved) 


PFIFO 
IEP.5 
FIFO Slave Bus Interface 
Interrupt 
Priority 
0.6 
EDMAO 
IEP.4 
DMA Channel 
0 Interrupt 
Enable 


EDMA1 
IEP.3 
DMA Channel 
1 Interrupt 
Enable 


PDMAO 
IEP.2 
DMA Channel 
0 Priority 
0.2 
PDMA1 
IEP.1 
DMA Channel 
1 Priority 
0.4 


EFIFO 
IEP.O 
FIFO Slave Bus Interface 
Interrupt 
Enable 


inter 


FIFO-EXTERNAL 
HOST INTERFACE 


FIFO DMA FREEZE 
MODE 


Overview 


During FIFO DMA Freeze Mode the internal CPU 
can reconfigure the 
FIFO interface. FIFO DMA 


Freeze Mode is provided to prevent the Host from 
accessing the FIFO during a reconfiguration se- 
quence. The 
internal 
CPU invokes 
FIFO DMA 


Freeze Mode by clearing bit 3 of the Slave Control 
SFR (SC3). INTRQ becomes active whenever FIFO 
DMA Freeze Mode is invoked to indicate the freeze 
status. The interrupt can only be deactivated by the 
Host reading the Host Status SFR. 


During FIFO DMA Freeze Mode only two operations 
are possible by the Host to the UPI-452 slave, the 
balance are disabled, as shown in Table 8. The in- 
ternal DMA is disabled during FIFO DMA Freeze 
Mode, and the internal CPU has write access to all 
of the FIFO control SFRs (Table 9). 


DMA Freeze Mode bit defaults to FIFO DMA Freeze 
Mode (SLCON FRZ=O). Below is a list of the FIFO 
Special Function Registers and their default power 
on reset values; 


SFR Name 
Label 
Value 


Channel Boundary Pointer 
CBP 
40H /64D 


Output Channel Read Pointers ORPR 
40H /64D 


Output Channel Write Pointers OWPR 40H /64D 
Input Channel Read Pointers 
IRPR 
OOH/OOD 


Input Channel Write Pointers 
IWPR 
OOH/OOD 


Input Threshold 
ITHR 
80H / 128D 


Output Threshold 
OTHR 
01H / 10 


The Input and Output FIFO channels may be recon- 
figured by programming any of these SFRs while the 
FIFO Host interface is in FIFO DMA Freeze Mode. 
The UPI-452 also notifies the Host that FIFO DMA 
Freeze Mode is in progress by setting the Host 
Status SFR FIFO DMA Freeze Mode Status bit, 
FIFO DMA Freeze Mode In Progress. The Host in- 
terrogates the Host Status SFR to determine the 
status of the FIFO Host interface following reset be- 
fore attempting to read from or write to the UPI-452 
FIFO buffer. 


At power on reset the FIFO Host interface is auto- 
matically frozen. The Slave Control Enable FIFO 


Table 8 Slave Bus Interface 
Status During FIFO DMA Freeze 
Mode 


Interface 
Pins; 
CS 
READ 
WRITE 
Operation 
In 
Status In 
DACK 
A2 
A1 
AO 
Normal Mode 
FIFO DMA Freeze 
Mode 


1 
0 
0 
1 
0 
0 
1 
Read Host Status SFR 
Operational 


1 
0 
0 
1 
1 
0 
1 
Read Host Control SFR 
Operational 


1 
0 
0 
1 
1 
1 
0 
Write Host Control SFR 
Disabled 


1 
0 
0 
0 
0 
0 
1 
Data or DMA Data from 
Disabled 


Output Channel 


1 
0 
0 
0 
0 
1 
0 
Data or DMA Data to 
Disabled 


Input Channel 


1 
0 
0 
0 
1 
0 
1 
Data Stream Command from 
Disabled 


Output Channel 


1 
0 
0 
0 
1 
1 
0 
Data Stream Command to 
Disabled 


Input Channel 


1 
0 
1 
0 
0 
0 
1 
Read Immediate Command 
Disabled 
, 


Out from Output Channel 


1 
0 
1 
0 
0 
1 
0 
Write Immediate Command 
Disabled 


In to Input Channel 


0 
X 
X 
X 
X 
0 
1 
DMA Data from Output 
Disabled 
- 
Channel 


0 
X 
X 
X 
X 
1 
0 
DMA Data to Input Channel 
Disabled 


The 
UPI-452 
can also be programmed 
to interrupt 


the Host following 
power 
on reset 
in order 
to indi- 


cate to the Host that FIFO DMA Freeze 
Mode is in 
progress. 
This is done by enabling 
the INTRQ inter- 


rupt output 
pin via the MODE SFR (MD4) before the 
Slave Control 
SFR Enable 
FIFO DMA Freeze 
Mode 
bit is set to Normal 
Mode. 
At power 
on reset 
the 


Mode SFR is forced 
to zero. This disables 
all inter- 
rupt 
and 
DMA 
output 
pins 
(INTRQ, 
DRQIN/ 
INTRQIN 
and DRQOUT /INTRQOUT). 
Because 
the 
Host Status 
SFR FIFO DMA Freeze 
Mode 
In Prog- 


ress bit is set, a Request 
For Service, 
INTRQ, inter- 


rupt is pending 
until the 
Host 
Status 
SFR is read. 


This is because 
the FIFO DMA Freeze 
Mode 
inter- 


rupt 
is always 
enabled. 
If the 
Slave 
Control 
FIFO 
DMA Freeze 
Mode 
bit (SLCON 
FRZ) is set to Nor- 


mal Mode 
before 
the MODE 
SFR INTRQ 
bit is en- 
abled, the INTRQ output will not go active when the 
MODE SFR INTRQ bit is enabled 
if the Host Status 
SFR has been read. 


The default 
values 
for the FIFO and Slave Interface 
represents 
minimum 
UPI-452 
internal 
initialization. 


No specific 
Special 
Function 
Register 
initialization 
is 


required 
to begin operation 
of the FIFO Slave Inter- 


face. 
The 
last initialization 
instruction 
must 
always 


set the 
UPI-452 
to Normal 
Mode. 
This causes 
the 
UPI-452 
to exit 
FIFO 
DMA 
Freeze 
Mode 
and 
en- 
ables Host read/write 
access 
of the FIFO. 


Following 
reset, either hardware 
(via the RST pin) or 


software 
(via HCON 
SFR bit HC3) the UPI-452 
re- 
quires 
2 internal 
machine 
cycles 
(24 TCLCL) 
to up- 
date all internal 
registers. 


Invoking FIFO DMA Freeze Mode 
During Normal Operation 


When the UPI-452 is in normal operation, 
FIFO DMA 
Freeze 
Mode 
should 
not 
be arbitrarily 
invoked 
by 
clearing 
SC3 (SC3 = 0) because 
the external 
Host 


runs asynchronously 
to the 
internal 
CPU. Invoking 


! 
INTRQ ...1 
__. 
.. 
.. 


FIFO DMA 
Freeze 
Mode 
without 
first stopping 
the 


external 
Host 
from 
accessing 
the 
UPI-452 
will 
not 


guarantee 
a clean break with the external 
Host. 


The proper way to invoke FIFO DMA Freeze Mode is 
by issuing 
an Immediate 
Command 
to the external 


host indicating 
that FIFO DMA Freeze 
Mode will be 


invoked. 
Upon 
receiving 
the 
Immediate 
Command, 


the 
external 
Host 
should 
complete 
servicing 
all 


pending 
interrupts 
and DMA requests, 
then send an 


Immediate 
Command 
back to the UPI-452 
acknowl- 


edging 
the FIFO 
DMA Freeze 
Mode 
request. 
After 


issuing 
the first 
Immediate 
Command, 
the 
internal 


CPU should not perform 
any action on the FIFO until 


FIFO DMA Freeze Mode is invoked. 


If FIFO DMA Freeze 
Mode 
is invoked 
without 
stop- 


ping the Host during Host transfers, 
only the last two 


bytes of data written 
into or read from the FIFO will 


be valid. The timing 
diagram 
for disabling 
the FIFO 


module to the external 
Host interface 
is illustrated 
in 


Figure 12. Due to this synchronization 
sequence, 
the 


UPI-452 
might not go into FIFO DMA Freeze 
Mode 


immediately 
after SC3 is cleared. 
A special bit in the 


Slave Status Register 
(SST5) is provided 
to indicate 


the status of the FIFO DMA Freeze Mode. The FIFO 
DMA Freeze Mode operations 
described 
in this sec- 


tion are only valid after SST5 is cleared. 


As FIFO DMA Freeze 
Mode is invoked, 
the DRQIN 


or DRQOUT 
will be deactivated 
(stopping 
the trans- 


ferring 
of data), bit 1 of the Host Status SFR will be 


set (HST1 = 1), and SST5 will be cleared 
(SST5 =0) 


to indicate 
to the 
external 
Host 
and 
internal 
CPU 


that the slave 
interface 
has been frozen. 
After 
the 


freeze becomes 
effective, 
any attempt 
by the exter- 


nal Host to access 
the FIFO will cause the overrun 


and 
underrun 
bits 
to be activated 
(bits 
HST7 
(for 


reads) 
or HST3 
(for writes)). 
These 
two bits, HST3 


and 
HST7, 
will be set (deactivated) 
after 
the 
Host 


Status 
SFR has been read. If INTRQ 
is used to re- 


quest 
service, 
the 
FIFO 
interface 
is frozen 
upon 


completion 
of any Host 
read 
or write 
operation 
in 


progress. 


! 
A FIFO RD/WR AFTER INTERFACE 
FREEZE IS INVOKED WILL CAUSE 
HST 3 OR HST 7 TO BE SET 


I 
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F~A~~ 


Figure 12. Disabling 
FIFO to Host Slave Interface 
Timing Diagram 
10-191 


External Host writing to the Immediate Command In 
SFR and the Host Control SFR is also inhibited 
when the slave bus interface is frozen. Writing to 
these two registers after FIFO DMA Freeze Mode is 
invoked will also cause HST3 (overrun) to be activat- 
ed (HST3=0). Similarly, reading the 
Immediate 


Command Out Register by the external Host is dis- 
abled during FIFO DMA Freeze Mode, and any at- 
tempt to do so will cause the clearing (deactivating, 
"0") of HST7 bit (underrun). 


After the slave bus interface is frozen, the internal 
CPU can perform the following operations on the 
FIFO Special Function Registers (these operations 
are allowed only during FIFO DMA Freeze Mode). 


For FIFO 
Reconfiguration 
1. Changing the Channel 


Boundary Pointer SFR. 


2. Changing the Input and 


Output Threshold SFR. 


To Enhance the 
Testability 
3. Writing to the read and write 


pointers of the Input and 
Output FIFO's. 
4. Writing to and reading the 


Host Control SFRs. 
5. Controlling some bits of Host 


and Slave Status SFRS. 
6. Reading the Immediate 


Command Out SFR and 
Writing to the Immediate 
Comand In SFR. 


Description 
of each of these special 


functions are as follows: 


FIFO Module SFRs During 
FIFO DMA Freeze Mode 


Table 9 summarizes the characteristics of all the 
FIFO Special Function Registers during normal and 
FIFO DMA Freeze Modes. The registers that require 
special treatment in FIFO DMA Freeze Mode are: 
HCON, 
IWPR, 
IRPR, 
OWPR, 
ORPR, 
HSTAT, 
SSTAT, MIN & MOUT SFRs. They can be described 
in detail as follows: 


During normal operation, this register is written to or 
read by the external Host. However, in FIFO DMA 
Freeze Mode (Le. SST5= 0) the UPI-452 internal 
CPU has write access to the Host Control SFR and 
write operations to this SFR by the external Host will 
not be accepted. If the Host attempts to write to 


HCON, the 
Input 
Channel 
error 
condition 
flag 
(HST3) will be cleared. 


Input FIFO Pointer Registers 
(IRPR & IWPR) 


Once the FIFO module is in FIFO DMA Freeze 
Mode, error flags due to overrun and underrun of the 
Input FIFO pointers will be disabled. Any attempt to 
create an overrun or underrun condition by changing 
the Input FIFO pointers would result in an inconsist- 
ency in performance between the status flag and the 
threshold counter. 


To enhance the speed of the UPI-452, read opera- 
tions on the Input FIFO will look ahead by two bytes. 
Hence, every time the IRPR is changed during FIFO 
DMA Freeze Mode, two NOPs need to be executed 
so that the two byte pipeline can be updated with the 
new data bytes pointed to by the new IRPR. The 
Threshold Counter SFR also needs to change by the 
same number of 
bytes as the 
IRPR (increase 


Threshold Counter if IRPR goes forward or decrease 
if IRPR goes backward). This will ensure that future 
interrupts will still be generated only after a thresh- 
old number of bytes are available. (See "Input and 
Output FIFO Threshold SFR" section below.) 


In FIFO DMA Freeze Mode, the internal CPU can 
also change the content of IWPR, and each change 
of IWPR also requires an update of the Threshold 
Counter SFR. 


Normally, the internal CPU cannot write into the In- 
put FIFO. It can, however, during FIFO DMA Freeze 
Mode by first reconfiguring the FIFO as an Output 
FIFO (Refer to "Input and Output FIFO Threshold 
SFR" section below). Changing the IRPR to be 
equal to IWPR generates an empty condition while 
changing IWPR to be equal to IRPR generates a full 
condition. The order in which the pointers are written 
determines whether a full or empty condition is gen- 
erated. 


Output FIFO Pointer SFR 
(ORPR and OWPR) 


In FIFO DMA Freeze Mode the contents of OWPR 
can be changed by the internal CPU, but each 
change of OWPR or ORPR requires the Threshold 
Counter SFR to be updated as described in the next 
section. A NOP must be executed whenever a new 
value is written into ORPR, as just described for 
changes to IRPR. As before, changing ORPR to be 
equal to OWPR will generate an empty condition, 
Output FIFO overrun or underrun condition cannot 
be generated though. The FIFO pointers should not 
be set to a value outside of its range. 


inter 


Normal 
FIFO DMA Freeze 
Mode 
Label 
Name 
Operation 
Operation 


(SST5 = 1) 
(SST5 = 0) 


HCON 
Host Control 
Not Accessible 
Read & Write 


HSTAT 
Host Status 
Read Only 
Read & Write 4 


SLCON 
Slave Control 
Read & Write 
Read & Write 


SSTAT 
Slave Status 
Read Only 
Read & Write 4 


IEP 
Interrupt 
Enable & Priority 
Read & Write 
Read & Write 


MODE 
Mode Register 
Read & Write 
Read & Write 


IWPR 
Input FIFO Write Pointer 
Read Only 
Read & Write 5 


IRPR 
Input FIFO Read Pointer 
Read Only 
Read & Write 1, 5 


OWPR 
Output FIFO Write Pointer 
Read Only 
Read & Write 6 


ORPR 
Output FIFO Read Pointer 
Read Only 
Read & Write 2, 6 


CBP 
Channel 
Boundary 
Pointer 
Read Only 
Read & Write 3 


IMIN 
Immediate 
Command 
In 
Read Only 
Read & Write 


IMOUT 
Immediate 
Command 
Out 
Read & Write 
Read & Write 


FIN 
FIFO IN 
Read Only 
Read Only 


CIN 
COMMAND 
IN 
Read Only 
Read Only 


FOUT 
FIFO OUT 
Read & Write 
Read & Write 


COUT 
COMMAND 
OUT 
Read & Write 
Read & Write 


ITHR 
Input FIFO Threshold 
Read Only 
Read & Write 


OTHR 
Output FIFO Threshold 
Read Only 
Read & Write 


NOTES: 
1. Writing 
of IRPR will automatically 
cause 
the FIFO IN SFR to load the contents 
of the Input FIFO from that location. 
2. Writing 
to ORPR will automatically 
cause 
the IOBL SFR to load the contents 
of the Output 
FIFO at that ORPR 
address. 


3. Writing 
to the CBP SFR will cause 
automatic 
reset of the four pointers 
of the Input and Output 
FIFO channels. 


4. The 
internal 
CPU 
cannot 
directly 
change 
the 
status 
of these 
registers. 
However. 
by changing 
the 
status 
of the 
FIFO 
channels. 
the internal 
CPU can indirectly 
change 
the contents 
of the status 
registers. 


5. Changing 
the Input FIFO Read/Write 
Pointers 
also requires 
that a consistent 
update 
of the Input FIFO Threshold 
Counter 
SFR. 
6. Changing 
the 
Output 
FIFO 
Read/Write 
Pointers 
also 
requires 
that 
a consistent 
update 
of the 
Output 
FIFO 
Threshold 
Counter 
SFR. 


Input and Output FIFO Threshold 
SFR 


(ITHR & OTHR) 


The Input and Output 
FIFO Threshold 
SFRs are also 


programmable 
by the internal CPU during FIFO DMA 


Freeze Mode. For proper operation 
of the Threshold 


feature, 
the Threshold 
SFR should 
be changed 
only 


when the Input and Output 
FIFO channels 
are emp- 


ty, since 
they 
reflect 
the 
current 
number 
of bytes 


available 
to read/write 
before 
an interrupt 
is gener- 


ated. 


Table 
10 illustrates 
the 
Threshold 
SFRs 
range 
of 


values 
and the 
number 
of bytes 
to be transferred 


when the Request 
For Service 
Flag is activated: 


Table 
10. Threshold 
SFRs Range of Values and 


Number 
of Bytes to be Transferred 


ITHR 
No. of Bytes 
OTHR 
No. of Bytes 


(lower 
Available 
to 
(lower 
Available 
to 


seven bits) 
be Written 
seven bits 
be Read 


0 
CBP 
1 
2 


1 
CBP-1 
2 
3 


2 
CBP-2 
3 
4 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 


CBP-3 
3 
(80H-CBP)-3 
(80H-CBP)-2 


CBP-2 
2 
(80H-CBP)-2 
(80H-CBP)-1 


(80H-CBP)-1 
(80H-CBP) 


The eighth bit of the Input and Output 
FIFO Thresh- 


old SFR indicates 
the status of the service 
requests 


regardless 
of the freeze condition. 
If the eighth bit is 


a "1", 
the FIFO is requesting 
service from the exter- 
nal Host. 
In other 
words, 
when 
the Threshold 
SFR 


value goes below 
zero (2's complement), 
a service 


request 
is generated'. 
Normally 
the 
ITHR 
SFR 
is 


decremented 
after 
each 
external 
Host write 
to the 


Input FIFO and incremented 
after each internal 
CPU 


read 
of the 
Input 
FIFO. The 
OTHR 
SFR 
is decre- 
mented 
by internal 
CPU writes 
and incremented 
by 


external 
Host reads. Thus if the pointers 
are moved 


when the FIFO's 
are not empty, 
these 
relationships 


can be used to calculate 
the offset for the Threshold 


SFRs. It is best to change 
the Threshold 
SFRs only 


when the FIFO's 
are empty 
to avoid this complica- 


tion. The threshold 
registers 
should also be updated 


after the pointers 
have been manipulated. 


NOTE: 
When 
programming 
the 
ITHR 
SFR, 
the 
eighth 
bit 


should 
be set to 
1 (OR'd 
with 
80H). 
This 
causes 


HSTAT 
SFR 
HSTO 
= 
0, Input 
FIFO 
Request 
For 


Service. 
If ITHR bit 7 = 
0 then HSTAT 
HSTO = 
1, 
Input 
FIFO 
Does 
Not Request 
Service, 
and 
no in- 


terrupt 
will be generated. 
"The 
8th bit of the ITHR SFR must be set during 
initialization 
if the 
Host 
interrupt 
request 
is desired 
immediately 
upon 
leaving 
Freeze 
Mode. 


When 
in FIFO DMA Freeze 
Mode, some 
bits in the 


Host Status SFR are forced 
high and will not reflect 


the 
new 
status 
until the 
system 
returns 
to normal 


operation. 
The definition 
of the register in FIFO DMA 


Freeze Mode is as follows: 


NOTE: 
The 
internal 
CPU 
reads 
this 
shadow 
latch 
value 


when 
reading 
the 
Host 
Status 
SFA. 
The 
shadow 


latch will keep the information 
for these 
bits so nor- 


mal operation 
can be resumed 
with the right status. 


The following 
bits are set (= 
1) when 
FIFO 
DMA 


Freeze 
Mode is invoked; 


HST7 
Output 
FIFO Error Condition 
Flag 


1 = No error. 
o = An invalid 
read 
has been 
done 
on the 


output 
FIFO or the Immediate 
Command 


Out Register 
by the host CPU. 


NOTE: 
The 
normal 
underrun 
error 
condition 
status 
is dis- 


abled. 
If 
an 
Immediate 
Command 
Out 
(IMOUT) 


SFR 
read 
is attempted 
during 
FIFO 
DMA 
Freeze 


Mode, the contents 
of the IMOUT SFR is output 
on 


the 
Data 
Buffer 
and 
the 
error 
status 
is cleared 


(= 0). 


HST6 
Immediate 
Command 
Out SFR Status 


During 
normal 
operation, 
this 
bit is cleared 


(=0) 
when the IMOUT SFR is written 
by the 


UPI-452 internal 
CPU and set (= 
1) when the 


IMOUT 
SFR 
is read 
by the 
external 
Host. 


Once 
the 
host-slave 
interface 
is frozen 
(i.e. 


SST5 
= 0), this bit will be read as a 1 by the 


host CPU. A shadow 
latch will keep the infor- 


mation for this bit so normal operation 
can be 


resumed 
with the correct 
status. 


Shadow 
latch: 


1 = Internal 
CPU reads the IMOUT SFR 


o = Internal 
CPU writes to the IMOUT SFR 


HST5 
Data Stream 
Command 
at Output 
FIFO 


This bit is forced 
to a "1" 
during 
FIFO DMA 


Freeze 
Mode 
to 
prevent 
the 
external 
host 


CPU from trying to read the DSC. Once 
nor- 


mal operation 
is resumed, 
HST5 
will 
reflect 


the Data/Command 
status of the current byte 


in the Output 
FIFO. 


Shadow 
Latch (read by the internal 
CPU): 


1 = No Data Stream 
Command 
(DSC) 


o = Data Stream 
Command 
at Output 
FIFO 


intJ 


HST4 
Output 
FIFO Service 
Request 
Status 


When 
FIFO 
DMA 
Freeze 
Mode 
is invoked, 
this bit no longer reflects 
the Output FIFO Re- 


quest Service 
Status. This bit wll be forced 
to 


a "1". 


HST3 
Input FIFO Error Condition 
Flag 


1 = No error. 
o = One 
of 
the 
following 
operations 
has 


been attempted 
by the external 
host and 


is invalid: 


1) Write into the Input FIFO 


2) Write into the Host Control 
SFR 


3) Write into the Immediate 
Command 
In 


SFR 


NOTE: 
The 
normal 
Input 
FIFO 
overrun 
condition 
is dis- 
abled. 


HST2 
Immediate 
Command 
In SFR Status 


This bit is normally 
cleared 
when the internal 


CPU reads the IMIN SFR and set when 
the 


external 
host CPU writes 
into the IMIN SFR. 


When the host-slave 
interface 
is frozen, read- 


ing and 
writing 
of the 
IMIN 
by the 
internal 


CPU will change 
the shadow 
latch of this bit. 


This bit will be read as a "1" 
by the external 


Host. 


Shadow 
latch. 


1 = Internal 
CPU writes 
into IMIN SFR 


o = Internal 
CPU reads the IMIN SFR 


HST1 
FIFO DMA Freeze 
Mode Status 


1 = FIFO DMA Freeze Mode. 
o = Normal 
Operation 
(non-FIFO 
DMA 


Freeze 
Mode). 


NOTE: 
This bit is used to indicate 
to the external 
Host that 


the host-slave 
interface 
has been frozen and hence 


the 
external 
Host 
functions 
are 
now 
reduced 
as 
shown 
in Table 8. 


HSTO Input FIFO Request 
Service 
Satus 


When 
slave 
interface 
is frozen 
this 
bit 
no 


longer 
reflects 
the Input FIFO Request 
Serv- 


ice Status. This bit will be forced 
to a "1". 


The Slave Status SFR is a read-only 
SFR. However, 
once the slave interface 
is frozen, 
most of the bits of 
this 
SFR can 
be changed 
by the 
internal 
CPU by 
reconfiguring 
the FIFO and accessing 
the FIFO Spe- 


cial Function 
Registers. 


SST7 
Output 
FIFO Overrun 
Error Flag 


Inoperative 
in FIFO DMA Freeze Mode. 


SST6 
Immediate 
Command 
Out SFR Status 


In FIFO 
DMA 
Freeze 
Mode, 
this 
bit will be 


cleared 
when the internal 
CPU reads the Im- 


mediate 
Command 
Out 
SFR 
and 
set when 


the 
internal 
CPU 
writes 
to 
the 
Immediate 


Command 
Out Register. 


SST5 
FIFO-External 
Interface 
FIFO 
DMA 
Freeze 


Mode Status 


This 
bit 
indicates 
to 
the 
internal 
CPU 
that 


FIFO DMA 
Freeze 
Mode 
is in progress 
and 


that it has write access 
to the FIFO Control, 


Host control 
and Immediate 
Command 
SFRs. 


SST4 
Output 
FIFO Request 
Service 
Status 


During normal 
operation, 
this bit indicates 
to 


the 
internal 
CPU 
that 
the 
Output 
FIFO 
is 


ready for more data. The status of this bit re- 
flects 
the 
position 
of the 
Output 
FIFO 
read 


and 
write 
pointers. 
Hence, 
in 
FIFO 
DMA 


Freeze Mode, this flag can be changed 
by the 


internal 
CPU indirectly 
as the read and write 


pointers 
change. 


SST3 
Input FIFO Underrun 
Flag 


Inoperative 
during FIFO DMA Freeze 
Mode. 


During 
normal 
operation, 
a read 
operation 


clears 
(= 0) this bit when 
there 
are no data 


bytes in the Input FIFO and deactivated 
(= 1) 


when the Slave Status 
SFR is read. In FIFO 


DMA Freeze Mode, this bit will not be cleared 
by an Input FIFO read underrun 
error condi- 


tion, nor will it be reset by the reading 
of the 


Slave Status SFR. 


SST2 
Immediate 
Command 
In SFR Status 


This bit is normally 
activated 
(= 0) when 
the 


external 
host CPU writes 
into the Immediate 


Command 
In 
SFR 
and 
deactivated 
(= 1) 


when it is read by the internal 
CPU. In FIFO 


DMA Freeze Mode, this bit will not be activat- 
ed (= 0) by the external 
Host's 
writing 
of the 
Immediate 
Command 
IN SFR since this func- 


tion 
is 
disabled. 
However, 
this 
bit 
will 
be 


cleared (= 0) if the internal 
CPU writes to the 


Immediate 
Command 
In SFR and it will be set 
= 1) if it reads from the register. 


SST1 
Data Stream 
Command 
at Input FIFO Flag 


In FIFO DMA Freeze 
Mode, this bit operates 


normally. 
It indicates 
whether 
the next byte of 


data from 
the 
Input 
FIFO 
is a DSC or data 


byte. 
If it is a DSC 
byte, 
reading 
from 
the 


FIFO IN SFR will result in reading 
invalid data 
(FFH) 
and vice versa. 
In FIFO 
DMA 
Freeze 


Mode, 
this 
bit still 
reflects 
the 
type 
of data 


byte available 
from the Input FIFO. 


inter 


SSTO Input FIFO Service 
Request 
Flag 


During 
normal 
operation, 
this bit is activated 


(= 0) when the Input FIFO contains 
bytes that 


can be read by the internal 
CPU and deacti- 
vated 
(= 1) when 
the 
Input 
FIFO 
does 
not 


need 
any service 
from 
the 
internal 
CPU. 
In 


FIFO DMA Freeze Mode, the status of this bit 
should 
not change 
unless the pointers 
of the 


Input FIFO are changed. 
In this mode, the in- 


ternal 
CPU can indirectly 
change 
this bit by 


changing 
the read and write 
pointers 
of the 


Input FIFO but cannot 
change 
it directly. 


Immediate 
Command 
In/Out 
SFR 


(IMINIIMOUT) 


If FIFO DMA Freeze 
Mode is in progress, 
writing 
to 


the 
Immediate 
Command 
In SFR 
by the 
external 


host 
will 
be 
disabled, 
and 
any 
such 
attempt 
will 


cause HST3 to be cleared (= 0). Similarly, the Imme- 
diate 
Command 
Out 
SFR 
read 
operation 
(by the 


host) 
will be disabled 
internally 
and read attempts 


will cause HST7 to be cleared (= 0). 


Internal CPU Read and Write of the 
FIFO During FIFO DMA Freeze Mode 


In normal operation, 
the Input FIFO can only be read 


by the internal 
CPU and similarly, 
the Output 
FIFO 


can only be written 
by the internal CPU. During FIFO 


DMA 
Freeze 
Mode, 
the internal 
CPU can read the 


entire 
contents 
of the 
Input 
FIFO by programming 


the CBP SFR to 7FH, setting the IRPR SFR to zero, 
and then the IWPR SFR to zero. Programming 
the 


pointer 
registers 
in this order generates 
a FIFO full 


signal 
to the 
FIFO 
logic and enables 
internal 
CPU 


read operations. 
If the IWPR and IRPR are already 


zero, the write pointer 
should 
be changed 
to a non- 
zero value to clear the empty 
status then the point- 


ers can 
be set to zero. 
Writing 
to the 
IRDR 
SFR 


automatically 
updates 
the look ahead registers. 


In a similar manner, the internal 
CPU can write to all 


128 bytes 
of the FIFO by setting 
the CBP SFR to 


zero, setting 
OWPR 
SFR to zero, and then setting 


ORPR 
SFR to zero. This generates 
a FIFO empty 


signal and allows internal 
CPU write operations 
to all 


128 bytes of the FIFO. The Threshold 
registers 
also 


need 
to 
be 
adjusted 
when 
the 
pointers 
are 


changed. 
(See 
"Input 
and Output 
FIFO 
Threshold 


SFR" 
section 
below.) 


The UPI-452 
has separate 
address 
spaces 
for Pro- 


gram Memory and Data Memory 
like the 80C51. The 


Program Memory can be up to 64K bytes. The lower 
8K 
of 
Program 
Memory 
may 
reside 
on-chip. 
The 


Data Memory consists 
of 256 bytes of on-chip 
RAM, 


up to 64K bytes 
of off-chip 
RAM and a number 
of 
"SFRs" 
(Special 
Function 
Registers) 
which 
appear 


as yet another 
set of unique memory 
addresses. 


Table 11a. Internal 
Memory 
Addressing 


Memory 
Space 
Addressing 
Method 


Lower 128 Bytes of 
Direct or Indirect 


Internal RAM 


Upper 128 Bytes 
Indirect Only 


of Internal RAM 


UPI-452 SFR's 
Direct Only 


The 80C51 
Special 
Function 
Registers 
are listed in 


Table 11a, and the additional 
UPI-452 SFRs are list- 


ed in Table 
11b. A brief description 
of the 
80C51 


core SFRs is also provided 
below. 


Accessing 
External Memory 


As in the 80C51 , accesses 
to external 
memory 
are 


of two types: Accesses 
to external 
Program 
Memory 


and accesses 
to external 
Data Memory. 


External 
Program 
Memory 
is accessed 
under 
two 


conditions: 


1) Whenever 
signal EA = 0; or 


2) Whenever 
the program 
counter 
(PC) contains 
a 


number that is larger than 1FFFH. 


This 
requires 
that 
the 
ROMless 
versions 
have 
EA 


wired low to enable 
the lower 8K program 
bytes to 


be fetched 
from external 
memory. 


External 
Data Memory 
is accessed 
using either 
the 


MOVX @DPTR (16 bit address) 
or the MOVX @Ri (8 


bit 
address) 
instructions, 
or 
during 
external 
data 


memory 
transfers. 


Symbol 
Name 
Address 
Contents 


'ACC 
Accumulator 
OEOH 
OOH 


'B 
B Register 
OFOH 
OOH 


'PSW 
Program Status 
ODOH 
OOH 


Word 
SP 
Stack Pointer 
81H 
07H 


DPTR 
Data Pointer 
82H 
OOOOH 


(consisting 
of DPH 
and DPL) 


'PO 
Port 0 
80H 
OFFH 


'P1 
Port 1 
" 
90H 
OFFH 


'P2 
Port 2 
OAOH 
OFFH 


'P3 
Port 3 
OBOH 
OFFH 


'IP 
Interrupt 
Priority 
OB8H 
OEOH 


Control 


'IE 
Interrupt 
Enable 
OA8H 
60H 


Control 
TMOD 
Timer/Counter 
89H 
OOH 


Mode Control 


'TCON 
Timer/Counter 
88H 
OOH 


Control 
THO 
Timer/Counter 
8CH 
OOH 


o (high byte) 
TLO 
Timer /Counter 
8AH 
OOH 


o (low byte) 
TH1 
Timer/Counter 
8DH 
OOH 


1 (high byte) 
TL1 
Timer/Counter 
8BH 
OOH 


1 (low byte) 


'SCON 
Serial Control 
98H 
OOH 


SBUF 
Serial Data Buff 
99H 
I 
PCON 
Power Control 
87H 
IOH 


Table 11c. UPI-452 Additional 


Special Function 
Registers 


Symbol 
Name 
Address 
Contents 


BCRLO 
DMA Byte 
OE2H 
I 


Count Low Byte/ 


BCRHO 
High Byte/ 
OE3H 
I 


Channel 
0 


BCRL1 
Low Byte/ 
OF2H 
I 


BCRH1 
Hi Byte/ 
OF3H 
I 


Channel 
1 


CBP 
Channel 
Boundary 
OECH 
40H 


Pointer 


CIN 
COMMAND 
IN 
OEFH 
I 


COUT 
COMMAND 
OUT 
OFFH 
I 


DMA Destination 
Address 


Table 
11c. UPI-452 Additional 
Special 


Function 
Registers 
(Continued) 


Symbol 
Name 
Address 
Contents 


DARLO 
Low Byte/ 
OC2H 
I 


DARHO 
Hi Byte/ 
OC3H 
I 


Channel 
0 


DARL1 
Low Byte/ 
OD2H 
I 


DARH1 
Hi Byte/ 
OD3H 
I 


Channel 
1 


DCONO 
DMAO Control 
92H 
OOH 


DCON1 
DMA 1 Control 
93H 
OOH 


FIN 
FIFO IN 
OEEH 
I 


FOUT 
FIFO OUT 
OFEH 
I 


HCON 
Host Control 
OE7H 
OOH 


HSTAT 
Host Status 
OE6H 
OFBH 


'IEP 
Interrupt 
Enable 
OF8H 
OCOH 


and Priority 


IMIN 
Immediate 
Command 
OFCH 
I 


In 


IMOUT 
Immediate 
Command 
OFDH 
I 


Out 


IRPR 
Input Read 
OEBH 
OOH 


Pointer 


ITHR 
Input FIFO 
OF6H 
80H 


Threshold 


IWPR 
Input Write 
OEAH 
OOH 


Pointer 


MODE 
Mode Register 
OF9H 
8FH 


ORPR 
Output Read 
OFAH 
40H 


Pointer 


OTHR 
Output FIFO 
OF7H 
01H 


Threshold 


OWPR 
Output Write 
OFBH 
40H 


Threshold 


'P4 
Port 4 
OCOH 
OFFH 


DMA Source Address 


SARLO 
Low Byte/ 
OA2H 
I 


SARHO 
Hi Byte/ 
OA3H 
I 


Channel 
0 


SARL1 
Low Byte/ 
OB2H 
I 


SARH1 
Hi Byte/ 
OB3H 
I 


Channel 
1 


'SLCON 
Slave Control 
OE8H 
04H 


SSTAT 
Slave Status 
OE9H 
08FH 


I = Indeterminate 
The 
SFRs 
marked 
with an asterisk 
(*) are both 
bit- and 


byte- addressable. 
The functions 
of the SFRs are as fol- 


lows: 


Miscellaneous 
Special Function 


Register Description 


80C51 SFRs 


ACC is the Accumuator SFR. The mnemonics for 
accumulator-specific instructions, however, refer to 
the accumulator simply as A. 


The B SFR is used during multiply and divide opera- 
tions. For other instructions it can be treated as an- 
other scratch pad regster. 


The PSW SFR contains program status information 
as detailed in Table 12. 


The Stack Pointer register is 8 bits wide. It is incre- 
mented before data is stored during PUSH and 
CALL executions. While the stack may reside any- 
where in on-chip RAM, the Stack Pointer is initialized 
to 07H after a reset. This causes the stack to begin 
at location 08H. 


The Data Pointer (DPTR) consists of a high byte 
(DPH) and a low byte (DPL). Its intended function is 
to hold a 16-bit address. It may be manipulated as a 
'16-bit register or as two independent 8-bit registers. 


PO,P1, P2, P3 and P4 are the SFR latches of Ports 
0, 1, 2, 3 and 4, respectively. 


The Serial Data Buffer is actually two separate regis- 
ters, a transmit buffer and a receive buffer register. 
When data is moved to SBUF, it goes to the transmit 
buffer where it is held for serial transmission. (Mov- 
ing 
a 
byte 
to 
SBUF 
is 
what 
initiates 
the 


transmission.) When data is moved from SBUF, it 
comes from the receive buffer. 


Register pairs (THO, TLO), and (TH1, TL1) are the 
16-bit counting registers for Timer/Counters 0 and 2. 


The PCON Register (Table 13) controls the power 
down and idle modes in the UPI-452, as well as pro- 
viding the ability to double the Serial Channel baud 
rate. There are also two general purpose flag bits 
available to the user. Bits 5 and 6 are used to set the 
HOLD/HOLD Acknowledge mode (see "General 
Purpose DMA Channels" section), and bit 4 is not 
used. 


Symbol 
Position 
Name 


CY 
PSW.? 
Carry Flag 


AC 
PSW.6 
Auxiliary Carry (For BCD operations) 


FO 
PSW.S 
Flag 0 (user assignable) 


RS1 
PSW.4 
Register 
Bank Select bit 1· 
RSO 
PSW.3 
Register 
Bank Select bit O· 
OV 
PSW.2 
Overflow 
Flag 
- 
PSW.1 
(reserved) 


P 
PSW.O 
Parity Flag 


CY 


(MSB) 


P 


(LSB) 


Physical 
Address 


ODOH 


Symbolic 
Address 


PSW 
FO 
I 
RS1 
I 
RSO 
I 
OV 


RS1 
RSO 
Internal 
RAM Register 
Bank 


0 
0 
Bank 0 


0 
1 
Bank 1 


1 
0 
Bank 2 


1 
1 
Bank 3 


Symbolic 
Address 


PCON 
. 
IDL 


(LSB) 


Physical 
Address 


087H 


Symbol 
Position 
Function 


SMOD 
PCON? 
Double Baud rate bit. When set to a 
1, the baud rate is doubled when the 
serial port is being used in either 
Mode 1, 2 or 3. 
ARB 
PCON6 
HLD/HLDA 
Arbiter control 
bit· 


REO 
PCONS 
HLD/HLDA 
Requestor 
control 
bit· 
- 
PCON4 
(reserved) 


GF1 
PCON3 
General-purpose 
flag bit 


GFO 
PCON2 
General-purpose 
flag bit 


PD 
PCON1 
Power Down bit. Setting this bit 
activates 
power down operation. 


IDL 
PCONO 
Idle Mode bit. Setting this bit 
activates 
idle mode operation. 


SMOD I 
ARB 
I 
REO I 


(MSB) 


I 
GF1 
I 
GFO I 
PD 


NOTE: 
If 1's are written 
to PO and IOL at the same time, PO takes 
precedence. 
The reset value of peON is (OOOXOOOO). 


inter 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias ..... 
O°C to 70°Ct 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any 
Pin to Vss 
- 0.5V to Vcc 
+ 0.5V 


Voltage 
on VcctoVss 
-0.5Vto 
+6.5V 


Power Dissipation 
1.0W" 


VcclVpp 
Supply Voltage 
with 


Respect 
to Ground 
During Programming 
-0.6V 
to + 14.0V 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
+ 0.5 
V 


(except XTAL 1, RST) 


VIH1 
Input High Voltage 
3.9 
Vcc 
+ 0.5 
V 


(XT AL 1, RST) 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL = 1.6 mA (Note 1) 


(Ports 1,2, 3, 4) 


VOL1 
Output Low Voltage 
0.45 
V 
IOL = 3.2 mA (Note 1) 


(except 
Ports 1,2, 3, 4) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -60 
/-LA,Vcc = 5V ± 10% 


(Ports 1, 2, 3, 4) 
0.75 Vcc 
V 
IOH = -25/-LA 


0.9 Vcc 
V 
IOH = -10/-LA 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -400 
/-LA,Vcc = 5V ±10% 


(except 
Ports 1, 2, 3, 4 and 
0.75 Vcc 
V 
IOH = -150/-LA 
Host Interface 
(Slave) Port) 
0.9 Vcc 
V 
IOH = -40 
/-LA(Note 2) 


VOH2 
Output High Voltage 
2.4 
V 
IOH = -400 
/-LA,Vcc = 5V ± 10% 


(Host Interface 
(Slave) Port) 
3.0 
V 
IOH = 1 mA 


Vcc 
- 
0.4 
V 
IOH = -10/-LA 


IlL 
Logical 0 Input Current 
-50 
/-LA 
VIN = 0.45V 
(Ports 1,2, 3, 4) 


ITL 
Logical 
1 to 0 Transition 
-650 
/-LA 
VIN = 2V 


Current (Ports 1, 2, 3, 4) 


inter 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


III 
Input Leakage Current 
±10 
p.A 
OA5V < VIN < VCC 
(except 
Ports 1, 2, 3, 4) 


loz 
Output Leakage Current 
±10 
p.A 
OA5V < VOUT < VCC 
(except 
Ports 1, 2, 3, 4) 


1CC1 
Operating 
Current (Note 6) 
15 
mA 
VCC = 5.5V, 16 MHz 


Icc 
Operating 
Current (Note 7) 
50 
mA 
VCC = 5.5V, 16 MHz (Note 4) 


ICCI 
Idle Mode Current 
25 
mA 
VCC = 5.5V, 16 MHz (Note 5) 


IpD 
Power Down Current 
100 
p.A 
VCC = 2V (Note 3) 


RRST 
Reset Pulldown 
Resistor 
50 
150 
KO 


CIO 
Pin Capacitance 
20 
pF 
1 MHz, TA = 25°C 
(sampled, 
not tested on all parts) 


NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLSof ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1- 
to-Otransitions during bus operations. In the worst cases (capacitive loading> 
100 pFl, the noise pulse on the ALE line may 
exceed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
2. Capacitive loading on Ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall before the 0.9 Vee 
specification when the address bits are stabiliZing. 
3. Power DOWN Ice is measured with all output pins disconnected; EA = Port 0 = Vee; XTAL2 N.C.; RST = Vss; DB = 
Vee; WR = RD = DACK = CS = AO = Al = A2 = Vee. Power Down Mode is not supported on the 87C452P. 
4. Ice is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 5 ns, VIL = Vss + 0.5V, VIH = 
Vee - O.5V;XTAL2 N.C.; EA = RST = Port 0 = Vee; WR = RD = DACK = CS = AO = A1 = A2 = Vee. Ice would be 
slightly higher if a crystal oscillator is used. 
5. Idle Ice is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 5 ns, VIL = Vss + 0.5V, 
VIH = Vee - 
0.5V; XTAL2 N.C.; Port 0 = Vee; EA = RST = Vss; WR = RD = DACK = CS = AO = Al = A2 = Vee. 
6. 87C452P Piggyback EPROM only. 
7. 80C452 and 83C452 only. 


Each timing symbol 
has 5 characters. 
The first char- 


acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their positions, 
stand 
for 


the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 


what they stand for: 


A: 
Address. 


C: Clock. 


D: Input data. 


H: Logic level HIGH. 


I: 
Instruction 
(program 
memory 
contents). 


L: 
Logic level LOW, or ALE. 


P: 
PSEN. 


Q: Output 
data. 


R: READ signal. 


T: 
Time. 


V: Valid. 


W: WRITE 
signal. 


X: 
No longer a valid logic level. 


z: 
Float. 


EXAMPLE 


TAVLL 
= Time for Address 
Valid to ALE Low. 


TLLPL 
= Time for ALE Low to PSEN Low. 


A.C. CHARACTERISTICS 
TA = O°C to 70°C, VCC = 5V ± 10%, VSS = OV, Load Capacitance 
for 
Port 0, ALE, and PSEN = 100 pF, Load Capacitance 
for All Other Outputs = 80 pF 


16 MHzOsc 
Variable 
Oscillator 
Symbol 
Parameter 
Units 


Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
16 
MHz 


TLHLL 
ALE Pulse Width 
85 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
25 
TCLCL-55 
ns 


TLLAX 
Address 
Hold after ALE Low 
28 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
185 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
22 
TCLCL-40 
ns 


TPLPH 
PSEN Pulse Width 
142 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid Instr In 
110 
3TCLCL-105 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float after PSEN 
57 
TCLCL-25 
ns 


TAVIV 
Address 
to Valid Instr In 
225 
5TCLCL-105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


TRLRH 
RD Pulse Width 
275 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
275 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
148 
5TCLCL-165 
ns 


TRHDX 
Data Hold after RD 
0 
0 
ns 


TRHDZ 
Data Float after RD 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
350 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
398 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
137 
237 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
Valid to Read or Write Low 
120 
4TCLCL-130 
ns 


TOVWX 
Data Valid to WR Transition 
2 
TCLCL-60 
ns 


TWHOX 
Data Hold after WR 
12 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
23 
103 
TCLCL-40 
TCLCL+40 
ns 


TOVWH 
Data Valid to WR (Setup Time) 
288 
7TCLCL-150 
ns 


______________ 
TW_HL_H_H_- 
ALEJ"f 
~ 
\ 


PSEN J 


TPLPH 


TLLlV~ 
TPLIV 
I 


ALE-rr 


TWHLH--I h 
I 


PSENJ 
\ 
I 


WR 


TOVWH 
TWHOX 


PORTO 
DATA OUT 


PORT2 
P2.0 - P2.7 OR AS - A15 fROM DPH 
AS-A15 
fROM PCH 


231428-21 


inter 


Symbol 
Parameter 
Min 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
3.5 
16 
MHz 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


NOTE: 
External 
clock 
timings 
are sampled, 
not tested 
on all parts. 


16 MHzOsc 
Variable 
Oscillator 


Symbol 
Parameter 
Units 


Min 
Max 
Min 
Max 


TXLXL 
Serial Port Clock Cycle Time 
750 
12TCLCL 
ns 


TQVXH 
Output Data Setup to Clock Rising Edge 
492 
1OTCLCL - 133 
ns 


TXHQX 
Output Data Hold after Clock Rising Edge 
8 
2TCLCL-117 
ns 


TXHDX 
Input Data Hold after Clock Rising Edge 
0 
0 
ns 


TXHDV 
Clock Rising Edge to Input Data Valid 
492 
1OTCLCL -133 
ns 


Vcc-O.S -V 0.2 Vcc+0.9 
>C 


O.-4SV-A_O_.2_Vc_c_-_O_.1 
•••••. 


231428-24 
AC inputs during testing 
are driven 
at Vcc 
-0.5V 
for a logic "1" 


and 0.45V for a logic "0". 
Timing 
measurements 
are made at VIH 
min. for a logic "1" 
and ~IL max. for a logic "0". 


VOL+O.1V 


231428-25 


For 
timing 
purposes 
a port 
pin 
is no 
longer 
floating 
when 
a 


100 mV change 
from 
load 
voltage 
occurs, 
and 
begins 
to float 


when a 100 mV change 
from the loaded 
VOHIVOL 
level occurs. 


IOL/10H ;, 
± 20 mA. 


~_' 
T_H_Io4_IN_-:_-_-_ 
-_-_-_-_-_--.V 


I-- THLAL:i 
..:-- 
THHAH? 
_ 
\1-·-----TAIo4IN 
----y------- 


HLD 
( 
j 


HLDA~~~~_-_-_-_- 
(-------- 
--- 
••, •• 
_ 


I.---TAHHL---- 


16 MHzOsc 
Variable 
Oscillator 


Symbol 
Parameter 
Units 


Mln 
Max 
Mln 
Max 


THMIN 
HLD Pulse Width 
350 
4TCLCL+100 
ns 


TAMIN 
HLDA Pulse Width 
350 
4TCLCL+100 
ns 


THHAH 
HLD to HLDA Delay if 
350 
4TCLCL-100 
4TCLCL+100 
ns 
HLDA is Granted 


THLAL 
HLD to HLDA Delay 
350 
4TCLCL-100 
4TCLCL+100 
ns 


TAHHL 
HLDA Inactive to 
150 
4TCLCL-100 
ns 
HLDActive 


Tce 
} 
TRV 
i 


Tee 


TOR 


.~ 


DATA 


TOVtTOS 
~TDH 


) 


l-TRO~ 


DROIN 
, 


DROOUT 


231428-27 


HOST 
PORT TIMINGS 


Test Conditions: 
TA = O·C to 70·C; Vcc = 5V ±10%; 
Vss = OV; Load Capacitance 
= 80 pF 


16 MHzOsc 
Variable 
Oscillator 
Symbol 
Parameter 
Units 


Mln 
Max 
Min 
Max 


TCC 
Cycle Time 
375 
6TCLCL 
ns 


TPW 
Command 
Pulse Width 
100 
100 
ns 


TRV 
Recovery 
Time 
60 
60 
ns 


TAS 
Address 
Setup Time 
5 
5 
ns 


TAH 
Address 
Hold Time 
30 
30 
ns 


TDS 
Write Data Setup Time 
30 
30 
ns 


TDHW 
Write Data Hold Time 
5 
5 
ns 


TDHR 
Read Data Hold Time 
5 
40 
5 
40 
ns 


TDV 
READ Active to Read 
85 
92 ns on 
ns 
Data Valid Delay 
12 MHz Part 


TDR 
WRITE Inactive to Read 
300 
4.8TCLCL 
ns 
Data Valid Delay 
(Applies only to Host 
Control SFR) 


TRQ 
READ or WRITE Active 
150 
150 
ns 
to DRQIN or DRQOUT 
Delay 


Caution: 
Exceeding 
14V on Vpp will permanently 


damage 
the device. 


Initially, 
all bits of the EPROM 
are in the "1" 
state. 


Data is introduced 
by selectively 
programming 
"Os" 
into the desired 
bit locations. 
Although 
only "Os" will 
be programmed, 
both "1s" 
and "Os" can be present 
in the data word. The only way to change 
a "0" 
to a 


"1" 
is 
by 
ultraviolet 
light 
exposure 
(Cerdip 


EPROMs). 


This device is in the programming 
mode when Vpp is 
raised to its programming 
voltage 
and ALE/PGM 
are 


both at TTL-Iow. 
The data to be programmed 
is ap- 
plied 8 bits in parallel 
to the Port 0 pins. The levels 


required 
for the address 
and data 
inputs 
are TTL. 


The address 
is applied 
to Port 1 and 2. 


Program Verify 


A verify 
should 
be performed 
on the 
programmed 


bits to determine 
that they have been correctly 
pro- 
grammed. 
The verify 
is performed 
with OE at VIL, 
PGM at VIH and Vpp and Vcc 
at their programming 
voltages. 


inteligent 
Identifier™ 
Mode 


inteligent 
Identifier™ 
Mode is not supported 
on the 


87C452P 
piggyback 
EPROM 
device. 


The 
erasure 
characteristics 
are 
such 
that 
erasure 


begins 
to occur 
upon 
exposure 
to light with wave- 


lengths 
shorter 
than approximately 
4000 Angstroms 


(A). 
It should 
be 
noted 
that 
sunlight 
and 
certain 
types of fluorescent 
lamps have wavelengths 
in the 


3000A-4000A 
range. Data shows 
that constant 
ex- 


posure to room level fluorescent 
lighting could erase 
the 
EPROM 
in approximately 
three 
years, 
while 
it 


would 
take 
approximately 
one week 
to cause 
era- 


sure when exposed 
to direct sunlight. 
If the EPROM 
is to be exposed 
to these types of lighting conditions 


for extended 
periods 
of time, opaque 
labels 
should 
be placed 
over the window 
to prevent 
unintentional 


erasure. 


The 
recommended 
erasure 
procedure 
is exposure 
to shortwave 
ultraviolet 
light which has a wavelength 


of 2537 Angstroms 
(A). The integrated 
dose (Le., UV 
intensity 
x exposure 
time) for erasure 
should 
be a 


minimum 
of 
fifteen 
(15) 
Wsec/cm2. 
The 
erasure 
time with this dosage 
is approximately 
15 to 20 min- 


utes using an ultraviolet 
lamp with a 12,000 /LW/cm2 


power 
rating. The EPROM 
should 
be placed 
within 


one inch of the lamp tubes during erasure. The maxi- 
mum integrated 
dose an EPROM can be exposed 
to 
without 
damage 
is 
7258 
Wsec/cm2 
(1 
week 
@ 


12000 /LW/cm2). 
Exposure 
of the 
EPROM 
to high 
intensity 
UV light for longer 
periods 
may cause 
per- 


manent 
damage. 


inter 


inteligent 
Programming™ 
Algorithm 


The inteligent 
Programming 
Algorithm, 
a standard 
in 


the industry for the past few years, is required 
for all 


of 
Intel's 
12.5V 
DERDEP 
EPROMs. 
Plastic 
amd 


PLCC EPROMs 
may also be programmed 
using this 


method. 
A flowchart 
of the inteligent 
Programming 


Algorithm 
is shown 
in Figure 4. 


The 
inteligent 
Programming 
Algorithm 
utilizes 
two 


different 
pulse 
types: 
initial 
and 
overprogram. 
The 


10-208 


duration 
of the initial 
PGM pulse(s) 
is one millisec- 


ond, which will then be followed 
by a longer overpro- 


gram pulse of length 3X ms. X is an iteration 
counter 


and is equal to the number of the initial one millisec- 
ond pulses applied 
to a particular 
location, 
before 
a 


correct 
verify occurs. 
Up to 25 one-millisecond 
puls- 


es per byte are provided 
for before the overprogram 


pulse is applied. 


The entire 
sequence 
of program 
pulses and byte verifications 
is performed 
at Vcc = 6.0V and Vpp = 
12.5V. 
When 
the 
inteligent 
Programming 
cycle 
has been 
completed, 
all bytes 
should 
be compared 
to the 
original 
data with Vcc = Vpp = 5.0V. 


VERIFICATION 


ADDRESS 
D - 
12 


TAVOV 


"1 
TEHD2 
-l TOHAX I- 


~ 


VCC/VPP~ 


+5.DV 
-I 
:J1 


V 
cc l 
+5.0V 


-jTEHSH 
OEJ 


I 


I-TCHGL 
I 
I 
~ro'"'-1 


' 
I 


A.C. PROGRAMMING 
CHARACTERISTICS 


TA = 25°C ± 5°C (see EPROM 
PROGRAMMING 
D.C. CHARACTERISTICS 
for Vcc 
and Vpp Voltages) 


12MHzOSC 
Test Conditions*(1) 
Symbol 
Parameter 
Min 
Max 
Unit 


TAVGL 
Address 
Setup to PGM 
2.9 
J.Ls 


TDXOL 
OE Setup from Data Float 
2.0 
J.Ls 


TDVGL 
Data Setup to PGM 
3.8 
J.Ls 


TOHAX 
Address 
Hold after OE 
0 
J.Ls 


TGHDX 
Data Hold after PGM 
2.0 
ns 


TEHQZ 
Data Float after OE 
0 
1.6 
J.Ls 
(Note 3) 


TOHAX 
Address 
Hold after PGM 
0 
J.Ls 


TPHGL 
Vpp Setup to PGM 
2.0 
J.Ls 


TCHGL 
Vcc Setup to PGM 
2.0 
J.Ls 


TEHSH 
OE Setup to Vpp and Vcc 
2.0 
J.Ls 


TGLGH 
PGM Pulse Width 
0.95 
1.05 
ms 
inteligent 
Programming 


TAVQV 
Address 
to Data Valid 
3.0 
J.Ls 


TOPW 
PGM Overprogram 
Pulse Width 
2.85 
78.75 
ms 
(Note 2) 


TELQV 
Data Valid from OE 
2.0 
J.Ls 


NOTES: 
1. VCC must be applied 
simultaneously 
or before 
Vpp and removed 
simultaneously 
or after Vpp. 
2. The length 
of the overprogram 
pulse 
may vary from 
2.85 
ms to 78.75 
ms as a function 
of the iteration 
counter 
value 
X 
(inleligent 
Programming 
Algorithm 
only). 


3. This 
parameter 
is only 
sampled 
and 
is not 
100% 
tested. 
Output 
Float 
is defined 
as the 
point 
where 
data 
is no longer 
driven-see 
timing 
diagram. 


4. The maximum 
current 
value 
is with Port 0 unloaded. 


Limits 


Symbol 
Parameter 
Test Conditions*(1) 


Min 
Max 
Unit 


ICC2(4) 
Vcc Supply Current (Program and Verify) 
150 
mA 


IpP2(4) 
Vpp Supply Current (Program) 
50 
mA 
CE = VIL 


VID 
Ag Inteligent 
Identifier Voltage 
11.5 
12.5 
V 


Vpp 
inteligent 
Programming 
Algorithm 
12.0 
13.0 
V 
CE = PGM = VIL 


VCC 
inteligent 
Programming 
Algorithm 
5.75 
6.25 
V 


· NOTE 


Using the Intel MCS®-51 Boolean 
Processing Capabilities 


JOHN WHARTON 


MICROCONTROLLER 
APPLICATIONS 


The Intel microcontroller 
family now has three new 
members: the Intel® 8031, 8051, and 8751 single-chip 
microcomputers. These devices, shown in Figure I, will 
allow whole new classes of products to benefit from 
recent advances in Integrated Electronics. Thanks to 
Intel's new HMOS technology, they provide larger pro- 
gram and data memory spaces, more flexible I/O and 
peripheral capabilities, greater speed, and lower system 
cost than any previous-generation single-chip micro- 
computer. 


PI.O 
- 
- 
YCC 


Pl.l 
- 
- 
po.o 


PI.2 
- 
- 
PO.1 


Pl.3 
- 
- 
PO.2 


PI.4 
- 
- 
PO.3 


PI.S 
- 
- 
PO.4 


PI.6 
- 
- 
po.s 


PI.7 
- 
- 
PO.6 


RST 
- 
- 
PO.7 


P3.0/RXD 
- 
- 
YPP/EA 


P3.I/TXD 
- 
- 
~/ALe 


P3.2/iNTO 
- 
- 
PSEN 


P3.3/1NTI 
- 
- 
P2.7 


P3.4/TO 
- 
- 
P2.6 


P3.S/TI 
- 
- 
P2.S 


P3.6/WR 
- 
- 
P2.4 


P3.7/RD 
- 
- 
P2.3 


XTAL2 
- 
- 
P2.2 


XTALI 
- 
- 
P2.1 


YSS 
- 
- 
P2.0 


Table I summarizes the quantitative 
differences be- 


tween the members of the MCS®-48 and 8051 families. 
The 8751 contains 4K bytes of EPROM program mem- 
ory fabricated on-chip, while the 8051 replaces the 
EPROM 
with 
4K 
bytes 
of 
lower-cost 
mask- 
programmed ROM. The 8031 has no program memory 
on-chip; instead, it accesses up to 64K bytes of program 
memory from external memory. Otherwise, the three 
new family members are identical. Throughout 
this 


Note, the term "8051" will represent all members of the 
8051 Family, unless specifically stated otherwise. 


The CPU in each microcomputer is one of the indus- 
try's fastest and most efficient for numerical calcula- 
tions on byte operands. But controllers often deal with 
bits, not bytes: in the real world, switch contacts can 
only be open or closed, indicators should be either lit or 
dark, motors are either turned on or off, and so forth. 
For such control situations the most significant aspect 
of the MCS®-51 architecture is its complete hardware 
support for one-bit, or Boolean 
variables (named in 


honor of Mathematician George Boole) as a separate 
data type. 


The 8051 incorporates a number of special features 
which support the direct manipulation and testing of 
individual bits and allow the use of single-bit variables 
in performing logical operations. Taken together, these 
features are referred to as the MCS-51 Boolean 
Proces- 


sor. While the bit-processing capabilities alone would be 
adequate to solve many control applications, their true 
power comes when they are used in conjunction with 
the microcomputer's byte-processing and numerical ca- 
pabilities. 


Many concepts embodied by the Boolean Processor will 
certainly be new even to experienced microcomputer 
system designers. The purpose of this Application Note 
is to explain these concepts and show how they are 
used. 


For detailed information on these parts refer to the 
Intel 
Microcontroller 
Handbook, 
order 
number 


210918. The instruction set, assembly language, and use 
of the 8051 assembler (ASM51) are further described in 
the MCS®·51 Macro Assembler User's Guide for DOS 
Systems, order number 122753. 


EPROM 
ROM 
External 
Program 
Data 
Instr. 
Inputl 
Program 
Program 
Program 
Memory 
Memory 
Cycle 
Output 
Interrupt 
Reg. 


Memory 
Memory 
Memory 
(Int/Max) 
(Bytes) 
Time 
Pins 
Sources 
Banks 


8748 
8048 
8035 
1K4K 
64 
2.5J.ts 
27 
2 
2 
- 
8049 
8039 
2K4K 
128 
1.36J.ts 
27 
2 
2 


8751 
8051 
8031 
4K64K 
128 
1.0J.ts 
32 
5 
4 


inter 


2.0 
BOOLEAN 
PROCESSOR 
OPERATION 


The Boolean Processing capabilities of the 8051 are 
based on concepts which have been around for some 
time. Digital computer systems of widely varying de- 
signs all have four functional elements in common (Fig- 
ure 2): 


• a central processor (CPU) with the control, timing, 
and logic circuits needed to execute stored instruc- 
tions: 


• a memory to store the sequence of instructions mak- 


ing up a program or algorithm: 


• data memory to store variables used by the pro- 


gram: 
and 


• some means of .communicating with the outside 


world. 


The CPU usually includes one or more accumulators or 
special registers for computing or storing values during 
program 
execution. 
The instruction 
set of such a 


processor generally includes, at a minimum, operation 
classes to perform arithmetic or logical functions on 
program variables, move variables from one place to 
another, cause program execution to jump or condi- 
tIOnallybranch based on register or variable states and 
instructions to call and return from subroutines.' The 
program and data memory functions sometimes share a 
single memory space, but this is not always the case. 
When the address spaces are separated, program and 
data memory need not even have the same basic word 
width. 


A digital computer's 
flexibility comes in part from 


combining simple fast operations to produce more com- 


CENTRAL 
PROCESSING 
UNIT 


plex (albeit slower) ones, which in turn link together 
eventually solving the problem at hand. A four-bit CPU 
executing multiple precision subroutines can, for exam- 
ple, perform 64-bit addition and subtraction. The sub- 
routines could in turn be building blocks for floating- 
point multiplication and division routines. Eventually, 
the four-bit CPU can simulate a far more complex "vir- 
tual" machine. 


In fact, any digital computer with the above four func- 
t~onal elements can (given time) complete any algo- 
nthm (though the proverbial room full of chimpanzees 
at word processors might first re-create Shakespeare's 
classics and this Application Note)! This fact offers lit- 
tle consolation to product designers who want pro- 
grams to run as quickly as possible. By definition, a 
real-time 
control 
algonthm 
must 
proceed 
quickly 


enough to meet the preordained speed constraints of 
other equipment. 


One of the factors determining how long it will take a 
microcomputer to complete a given chore is the num- 
ber of instructions it must execute. What makes a given 
computer architecture particularly well- or poorly-suit- 
ed for a class of problems is how well its instruction set 
matches the tasks to be performed. The better the 
"primitive" operations correspond to the steps taken by 
the control algorithm, the lower the number of instruc- 
tions needed, and the quicker the program will run. All 
else being equal, a CPU supporting 64-bit arithmetic 
directly could clearly perform floating-point math fast- 
er than a machine bogged-down by multiple-precision 
subroutines. In the same way, direct support for bit 
manipulation 
naturally 
leads to more efficient pro- 
grams handling the binary input and output conditions 
inherent in digital control problems. 


INPUTI 
OUTPUT 
PORTS 


intJ 


The introduction stated that the 8051's bit-handling ca- 
pabilities alone would be sufficient to solve some con- 
trol applications. Let's see how the four basic elements 
of a digital computer-a 
CPU with associated registers, 
program memory, addressable data RAM, and I/O ca- 
pability-relate 
to Boolean variables. 


cpu. The 8051 CPU incorporates special logic devoted 
to executing several bit-wide operations. All told, there 
are 17 such instructions, 
all listed in Table 2. Not 


shown are 94 other (mostly byte-oriented) 8051 instruc- 
tions. 


Program Memory. 
Bit-processing 
instructions 
are 


fetched from the same program memory as other arith- 
metic and logical operations. In addition to the instruc- 


Table 2. MCS·51™ 
Boolean 
Processing 
Instruction 
Subset 


Mnemonic 
Description 
Byte 
eyc 


SETB 
C 
Set Carry flag 
1 
1 


SETB 
bit 
Set direct Bit 
2 
1 


CLR 
C 
Clear Carry flag 
1 
1 


CLR 
bit 
Clear direct bit 
2 
1 


CPL 
C 
Complement Carry flag 
1 
1 


CPL 
bit 
Complement direct bit 
2 
1 


MOV 
C.bit 
Move direct bit to Carry flag 
2 
1 


MOV 
bit.C 
Move Carry flag to direct bit 
2 
2 


ANL 
C.bit 
AND direct bit to Carry flag 
2 
2 


ANL 
C.bit 
AND complement of direct 
2 
2 


bit to Carry flag 


ORL 
C.bit 
OR direct bit to Carry flag 
2 
2 


ORL 
C.bit 
OR complement of direct 
2 
2 


bit to Carry flag 


JC 
rei 
Jump if Carry is flag is set 
2 
2 


JNC 
rei 
Jump if No Carry flag 
2 
2 


JB 
bit.rel 
Jump if direct Bit set 
3 
2 


JNB 
bit.rel 
Jump if direct Bit Not set 
3 
2 


JBC 
bit.rei 
Jump if direct Bit is set & 
3 
2 


Clear bit 


Address mode abbreviations 


G-Carry 
flag. 


bit-128 
software flags, any I/O pin, control or status 


bit. 
rei-Ail 
conditional jumps include an 8-bit offset byte. 
Range is + 127 -128 
bytes relative to first byte of the 


following instruction. 


tions of Table 2, several sophisticated program control 
features like multiple addressing 
modes, subroutine 


nesting, and a two-level interrupt structure are useful in 
structuring Boolean Processor-based programs. 


Boolean instructions are one, two, or three bytes long, 
depending on what function they perform. Those in- 
volving only the carry flag have either a single-byte 
opcode or an opcode followed by a conditional-branch 
destination byte (Figure 3a). The more general instruc- 
tions add a "direct address" byte after the opcode to 
specify the bit affected, yielding two or three byte en- 
codings (Figure 3b). Though this format allows poten- 
tially 256 directly addressable bit locations, not all of 
them are implemented in the 8051 family. 


I opcode 
I 


SETBC 
CLRC 
CPLC 


I displacement 
I 


JC 
JNC 


opcode I I 
bit address 


SETB 
bit 
CLR 
bit 
CPL 
bit 
ANLC, 
bit 
ANLC,I 
bit 


ORLC, 
bit 
ORL C,I 
bit 


MOVC, 
bit 
MOV 
bit,C 


opcode I I 
bit address 
I displacement 
I 


JB 
bit, 
rei 


JNB 
bit, 
rei 


JBC 
bit, 
rei 


Ol,ect 
81t Addresses 
Hardware 
RAM 
8~te 
Regllter 
8yte 
(MS8) 


I 


(LS8) 
Add,e •• 
(MS8) 
(LS8) 
Symbol 


7FH{: 


, 


~ 


OFFH 


OFOH 
F7 I F6 I F5 I F4 I 
F3 I F2 I F1 I FO 
8 


2FH 
7F 
7E 
70 
7C 
78 
7A 
79 
78 


2EH 
77 
76 
75 
74 
73 
72 
71 
70 
OEOH 
E7 I E6 I E5 I ~4 I E3 I E2 I E1 I EO 
ACC 


20H 
6F 
6E 
60 
6C 
68 
6A 
69 
68 


2CH 
67 
66 
65 
64 
63 
62 
61 
60 
OOOH 
07 I 06 I 05 I 04 I 03 I 02 I 01 I DO 
PSW 


28H 
SF 
5E 
50 
5C 
58 
SA 
59 
58 


2AH 
57 
56 
55 
54 
53 
52 
51 
50 
088H 
- I - I - I 8C I 88 I 8A I 89 I 88 
tP 


29H 
4F 
4E 
40 
4C 
48 
4A 
49 
48 


28H 
47 
46 
45 
44 
43 
42 
41 
40 
080H 
87 I 86 I 85 I 84 I 83 .I 82 I 81 I 80 
P3 


27H 
3F 
3E 
3D 
3C 
38 
3A 
39 
38 


26H 
37 
36 
35 
34 
33 
32 
31 
30 
OA8H 
AF I - I - I AC I A8 I AA I A9 I A8 
IE 


25H 
2F 
2E 
20 
2C 
28 
2A 
29 
28 


24H 
27 
26 
25 
24 
23 
22 
21 
20 
OAOH 
A7 I A6 I AS I A4 I A3 I A2 I A1 I AO 
P2 


23H 
1F 
1E 
10 
1C 
18 
1A 
19 
18 


22H 
17 
16 
15 
14 
13 
12 
11 
10 
98H 
9F I 9E 
190 19C I 98 I 9A I 99 
198 
SCON 


21H 
OF 
OE 
00 
OC 
08 
OA 
09 
08 


20H 
07 
06 
05 
04 
03 
02 
01 
00 
90H 
97 I 96 I 95 I 94 I 93 I 92 I 91 I 90 
P1 


1FH 


18H 
8ank 
3 


17H 


8F I 8E 
180 18C I 88 I 8A I 89 188 
Bank 2 
88H 
TCON 
10H 
OFH 


08H 
Bank 1 


07H 


80H 
87 I 86 I 85 I 84 I 83 I 82 I 81 180 
PO 
00 
Bank 0 


203830-3 
a.) RAM Bit Addresses 
b.) Special Function 
Register 
Bit Addresses 


Data Memory. The instructions 
in Figure 
3b can oper- 


ate directly 
upon 
144 general purpose 
bits forming the 


Boolean 
processor 
"RAM." 
These bits can be used as 


software flags or to store program 
variables. Two oper- 


and instructions 
use the CPU's 
carry 
flag ("C") 
as a 


special one-bit register: in a sense, the carry is a "Boole- 
an accumulator" 
for logical operations 
and data trans- 


fers. 


Input/Output. 
All 32 110 pins can be addressed 
as indi- 


vidual 
inputs, 
outputs, 
or both, 
in any combination. 


Any pin can be a control 
strobe 
output, 
status 
(Test) 


input, or serial 110 link implemented 
via software. 
An 


additional 
33 individually 
addressable 
bits reconfigure, 


control, 
and monitor 
the status of the CPU and all on- 


chip 
peripheral 
functions 
(timer 
counters, 
serial 
port 


modes, interrupt 
logic, and so forth). 


inter 


Overflow flag. 
Set/cleared by hardware dur- 
ing arithmetic instructions to 
indicate overflow conditions. 
(reserved) 
Parityflag. 
Set/ cleared by hardware each 
instruction cycle to indicate an 
odd/even 
number of 
"one" 


bits in the accumulator, i.e., 
even parity. 
the contents of (RS1, RSO) 
enable the 
working 
register 


banks as follows: 
(0,0) - Bank 0 
(00H-07H) 


(0,1) - Bank 1 
(08H-OFH) 


(1,0)-Bank2 
(10H-17H) 


(1,1)-Bank3 
(18H-1FH) 


Symbol 
Position 
Name and Significance 


CY 
PSW.7 
Carry flag. 
Set/ cleared 
by 
hardware or 


software during certain arith- 
metic and logical instructions. 


AC 
PSW.6 
Auxiliary Carry flag. 
Set/cleared 
by hardware dur- 


ing addition or subtraction in- 
structions to indicate carry or 
borrow out of bit 3. 


FO 
PSW.5 
Flag O. 
Set/cleared/tested 
by 
soft- 


ware as a user-definlild status 
flag. 


RS1 
PSW.4 
Register bank Select control 
bits. 


RSO 
PSW.3 
1 & O.Set/cleared by software 
to determine working register 
bank (see Note). 


Figure 5. PSW-Program 
Status Word Organization 


PSW.1 
PSW.O 


Interrupt 1 input pin. 
Low-level or falling-edge trig- 
gered. 
Interrupt 0 input pin. 
Low-level or falling-edge trig- 
gered. 
Transmit Data pin for serial 
port in UART mode. Clock out- 
put in shift register mode. 
Receive Data pin for 
serial 


port in UART mode. Data I/O 
pin in shift register mode. 


Symbol 
Position 
Name and Significance 


RD 
P3.7 
Read data control output. 
Active low pulse generated by 
hardware when external data 
memory is read. 
WR 
P3.6 
Write data control output. 
Active low pulse generated by 
hardware when external data 
memory is written. 


T1 
P3.5 
Timer/counter 1 external input 
or test pin. 


TO 
P3.4 
Timer/counter 0 external input 
or test pin. 


Figure 6. P3-Alternate 
I/O Functions 
of Port 3 


The most significant 
bit of the direct address 
byte se- 
lects one of two groups of bits. Values between 
0 and 


127 (OOHand 7FH) define bits in a block of 32 bytes of 
on-chip RAM, 
between RAM addresses 
20H and 2FH 


(Figure 4a). They are numbered 
consecutively 
from the 
lowest-order 
byte's lowest-order 
bit through 
the high- 


est-order 
byte's highest-order 
bit. 


Bit addresses 
between 
128 and 255 (80H 
and OFFH) 


correspond 
to bits 
in a number 
of special 
registers, 


mostly used for I/O or peripheral 
control. 
These posi- 


tions are numbered 
with a different scheme than RAM: 


the five high-order 
address bits match those of the reg- 


ister's own address, while the three low-order 
bits iden- 
tify the bit position 
within that register (Figure 4b). 


inter 


Notice the column labeled "Symbol" in Figure 5. Bits 
with special meanings in the PSW and other registers 
have corresponding symbolic names. General-purpose 
(as opposed to carry-specific) instructions may access 
the carry like any other bit by using the mnemonic CY 
in place of C, PO, PI, P2, and P3 are the 8051's four 
I/O ports: secondary functions assigned to each of the 
eight pins of P3 are shown in Figure 6. 


Figure 7 shows the last four bit addressable registers. 
TCON (Timer Control) and SCON (Serial port Con- 
trol) control and monitor the corresponding peripher- 
als, while IE (Interrupt Enable) and IP (Interrupt Pri- 
ority) enable and prioritize the five hardware interrupt 
sources. Like the reserved hardware register addresses, 


the five bits not implemented in IE and IP should not 
be accessed: they can not be used as software flags. 


Addressable 
Register 
Set. There are 20 special function 


registers in the 8051, but the advantages of bit address- 
ing only relate to the 11 described below. Five poten- 
tially bit-addressable register addresses (OCOH,OC8H, 
OD8H, OE8H, & OF8H) are being reserved for possible 
future 
expansion 
in microcomputers 
based on the 


MCS-51 architecture. Reading or writing non-existent 
registers in the 8051 series is pointless, and may cause 
unpredictable results. Byte-wide logical operations can 
be used to manipulate bits in all non-bit 
addressable 


registers and RAM. 


TCON.3 
Interrupt 1 Edge flag. 
Set by hardware 
when 
exter- 


nal 
interrupt 
edge 
detected. 
Symbol 
Position 
Name and Significance 
Cleared 
when 
interrupt 
pro- 


TF1 
TCON.? 
Timer 1 overflow Flag. 
cessed. 
Set 
by 
hardware 
on 
timer/ 
IT1 
TCON.2 
Interrupt 1 Type control bit. 


counter 
overflow. 
Cleared 
Set/cleared 
by 
software 
to 
when interrupt processed. 
specify 
falling 
edge/low 
level 
TCON.6 
Timer 1 Run control bit. 
triggered external interrupts. 


Set/cleared 
by software to turn 
IEO 
TCON.1 
Interrupt 0 Edge flag. 


timer/counter 
on/off. 
Set by hardware 
when exter- 


TCON.5 
Timer 0 overflow Flag. 
nal 
interrupt 
edge 
detected. 
Set 
by 
hardware 
on 
timer/ 
Cleared 
when 
interrupt 
pro- 
counter 
overflow. 
Cleared 
cessed. 


when interrupt processed. 
ITO 
TCON.O 
Interrupt 0 Type control bit. 


TCONA 
Timer 0 Run control bit. 
Set/cleared 
by 
software 
to 
Set/cleared 
by software to turn 
specify 
falling 
edge/low 
level 
timer / counter on/off. 
triggered external interrupts. 


a.) TCON- 
Timer/Counter 
Control/Status 
Register 


Symbol 
Position 
Name and Significance 


SMO 
SCON.? 
Serial port Mode control bit o. 
Set/cleared 
by software 
(see 


note). 


SM1 
SCON.6 
Serial port Mode control bit 1. 
Set/cleared 
by software 
(see 


note). 


SM2 
SCON.5 
Serial port Mode control bit 2. 
Set by software 
to disable re- 


ception of frames for which bit 
8 is zero. 


REN 
SCONA 
Receiver Enable control bit. 
Set/ cleared by software to en- 
able/disable 
serial data recep- 
tion. 


TB8 
SCON.3 
Transmit Bit 8. 
Set/cleared 
by hardware to de- 


termine state of ninth data bit 
transmitted 
in 
9-bit 
UART 


mode. 


SCON.2 
Receive Bit 8. 
Set/cleared 
by hardware to in- 


dicate 
state of ninth data bit 


received. 


SCON.1 
Transmit Interrupt flag. 
Set 
by 
hardware 
when 
byte 


transmitted. 
Cleared 
by soft- 


ware after servicing. 


SCON.O Receive Interrupt flag. 


Set by hardware when byte re- 
ceived. 
Cleared 
by 
software 


after servicing. 


Note- 
the state of (SMO, SM1) 
selects: 
(O,O)-Shift 
register I/O 


expansion. 


(0,1)-8-bit 
UART, variable 


data rate. 
(1.0)-9-bit 
UART, fixed data 


rate. 


(1,1)-9-bit 
UART, variable 


data rate. 


b.) SCON-Serial 
Port Control/Status 
Register 


Figure 7. Peripheral 
Configuration 
Registers 


inter 


EnableSerialportcontrolbit. 
Set!c1earedby softwareto en- 
able/disable interruptsfrom TI 
or AI flags. 
EnableTimer1controlbit. 
Set! cleared by softwareto en- 
able/disable 
interrupts from 
timer/counter 1. 


c.) IE-Interrupt 
Enable Register 


Symbol Position Nameand Significance 
EA 
IE.7 
EnableAll controlbit. 
Clearedby software to disable 
all interrupts, independent of 
the state of IE.4-IE.O. 
(reserved) 
IE.6 
1E.5 
IE.4 


Enable External interrupt 1 
control 
bit. 
Set! cleared by 


softwareto enable/disable in- 
terruptsfrom INT1. 
EnableTimer0 controlbit. 
Set! clearedby softwareto en- 
able/disable interrupts from 
timer/counter O. 
Enable External interrupt 0 
control 
bit. 
Set! cleared by 


softwareto enable/disable in- 
terruptsfrom INTO. 


Symbol Position Nameand Significance 
PX1 
IP.2 
External interrupt 1 Priority 


IP.7 
(reserved) 
control 
bit. Set!cleared 
by 
IP.6 
(reserved) 
software to specify high/low 


IP.5 
(reserved) 
priorityinterruptsfor INT1. 
PS 
IP.4 
Serialport Prioritycontrolbit. 
PTO 
IP.1 
Timer0 Prioritycontrolbit. 


Set! cleared by 
software to 
Set! cleared by software to 


specify high/low priority inter- 
specify high/low priority inter- 
rupts for Serialport. 
rupts for timer/counter O. 
PT1 
IP.3 
Timer1 Prioritycontrolbit. 
PXO 
IP.O 
External interrupt 0 
Priority 


Set! cleared by 
software to 
control bit. 
Set! cleared by 


specify high/low priority inter- 
software to specify high/low 
ruptsfor timer/counter 1. 
priorityinterruptsfor INTO. 


d.) IP-Interrupt 
Priority Control Register 


Figure 7. Peripheral Configuration Registers (Continued) 


The accumulator and B registers (A and B) are normal- 
ly involved in byte-wide arithmetic, but their individual 
bits can also be used as 16 general software flags. Add- 
ed with the 128 flags in RAM, this gives 144 general 
purpose variables for bit-intensive programs. The pro- 
gram status word (pSW) in Figure 5 is a collection of 
flags and machine status bits including the carry flag 
itself. Byte operations acting on the PSW can therefore 
affect the carry. 


Having looked at the bit variables available to the Boo- 
lean Processor, we will now look at the four classes of 


instructions that manipulate these bits. It may be help- 
ful to refer back to Table 2 while reading this section. 


State 
Control. Addressable bits or flags may be set, 
cleared, or logically complemented in one instruction 
cycle with the two-byte instructions SETB, CLR, and 
CPL. (The "B" affixed to SETB distinguishes it from 
the assembler "SET" directive used for symbol defini- 
tion.) SETB and CLR are analogous to loading a bit 
with a constant: I or O.Single byte versions perform the 
same three operations on the carry. 


The MCS-51 assembly language specifies a bit address 
in any of three ways: 


• by a number or expression corresponding to the di- 


rect bit address (0-255): 


inter 


• by the name or address of the register containing the 


bit, the dot operator symbol (a period: "."), and the 
bit's position in the register (7-0): 
• in the case of control and status registers, by the 


predefined assembler symbols listed in the first col- 
umns of Figures 5-7. 


Bits may also be given user-defined names with the as- 
sembler "BIT" 
directive and any of the above tech- 


niques. For example, bit 5 of the PSW may be cleared 
by any of the four instructions. 


USR_FLG 
BIT 
PSW.5 
User 
Symbol 
Definition 


CLR 
OD5H 
Absolute 
Addressing 


CLR 
PSW.5 
Use 
of Dot 
Operator 


CLR 
FO 
Pre-Defined 
Assembler 
Symbol 


CLR 
USR_FLG 
User-Defined 
Symbol 


Data 
Transfers. 
The two-byte MOV instructions can 


transport any addressable bit to the carry in one cycle, 
or copy the carry to the bit in two cycles. A bit can be 
moved between two arbitrary locations via the carry by 
combining the two instructions. (If necessary, push and 
pop the PSW to preserve the previous contents of the 
carry.) These instructions can replace the multi-instruc- 
tion sequence of Figure 8, a program structure appear- 
ing in controller applications whenever flags or outputs 
are conditionally switched on or off. 


ISOLATE 
SOURCE 
BIT 


SET 
DESTINATION 
BIT 


CLEAR 
DESTINATION 
BIT 


Logical 
Operations. 
Four instructions perform the logi- 
cal-AND and logical-OR operations between the carry 
and another bit, and leave the results in the carry. The 
instruction mnemonics are ANL and ORL; the absence 
or presence of a slash mark ("/") 
before the source 


operand indicates whether to use the positive-logic val- 
ue or the logical complement of the addressed bit. (The 
source operand itself is never affected.) 


Bit-test 
Instructions. 
The conditional jump instructions 
"JC rel" (Jump on Carry) and "JNC rel" (Jump on 
Not Carry) test the state of the carry flag, branching if 
it is a one or zero, respectively. (The letters "rei" de- 
note relative code addressing.) The three-byte instruc- 
tions "JB bit.rel" and "JNB bit.rel" (Jump on Bit and 
Jump on Not Bit) test the state of any addressable bit in 
a similar manner. 
A fifth instruction 
combines the 


Jump on Bit and Clear operations. "JBC bit.rei" condi- 
tionally branches to the indicated address, then clears 
the bit in the same two cycle instruction. This operation 
is the same as the MCSA8 "JTF" instructions. 


All 8051 conditional jump instructions 
use program 
counter-relative addressing, and all execute in two cy- 
cles. The last instruction byte encodes a signed dis- 
placement ranging from -128 
to + 127. During execu- 


tion, the CPU adds this value to the incremented pro- 
gram counter to produce the jump destination. Put an- 
other way, a conditional jump to the immediately fol- 
lowing instruction would encode OOH in the offset byte. 


A section of program or subroutine written using only 
relative jumps to nearby addresses will have the same 
machine code independent of the code's location. An 
assembled routine may be repositioned anywhere in 
memory, even crossing memory page boundaries, with- 
out having to modify the program or recompute desti- 
nation addresses. To facilitate this flexibility, there is an 
unconditional "Short Jump" (SJMP) which uses rela- 
tive addressing as well. Since a programmer would have 
quite a chore trying to compute relative offset values 
from one instruction to another, ASM51 automatically 
computes the displacement needed given only the desti- 
nation address or label. An error message will alert the 
programmer if the destination is "out of range." 


The so-called "Bit Test" instructions implemented on 
many other microprocessors simply perform the logi- 
cal-AND operation between a byte variable and a con- 
stant mask, and set or clear a zero flag depending on 
the result. This is essentially equivalent to the 8051 
"MOV C.bit" instruction. A second instruction is then 
needed to conditionally branch based on the state of the 
zero flag. This does not constitute abstract bit-address- 
ing in the MCS-51 sense. A flag exists only as a field 


within 
a register: 
to reference 
a bit the 
programmer 
Table 3. Other Instructions 
Affecting 


must know and specify both 
the encompassing 
register 
the Carry Flag 


and the bit's 
position 
therein. 
This constraint 
severely 


Mnemonic 
Description 
Byte 
eyc 
limits 
the flexibility 
of symbolic 
bit addressing 
and re- 


duces 
the machine's 
code-efficiency 
and speed. 
ADD 
A,Rn 
Add register to 
1 
1 


Accumulator 


Interaction with Other Instructions. The 
carry 
flag is 
ADD 
A,direct 
Add direct byte to 
2 
also affected 
by the instructions 
listed in Table 
3. It can 
Accumulator 


be rotated 
through 
the accumulator, 
and 
altered 
as a 
ADD 
A,@Ri 
Add indirect RAM to 
side effect of arithmetic 
instructions. 
Refer 
to the Us- 
Accumulator 
er's Manual 
for details 
on how these instructions 
oper- 
ADD 
A,#data 
Add immediate data 
2 
ate. 
to Accumulator 


ADDC A,Rn 
Add register to 
Accumulator with 


Simple Instruction 
Combinations 
Carry flag 
ADDC A,direct 
Add direct byte to 
2 
By combining 
general 
purpose 
bit operations 
with cer- 
Accumulator with 


tain 
addressable 
bits, 
one can 
"custom 
build" 
several 
Carry flag 


hundred 
useful 
instructions. 
All eight bits of the PSW 
ADDC A,@Ri 
Add indirect RAM to 


can 
be tested 
directly 
with 
conditional 
jump 
instruc- 
Accumulator with 


tions to monitor 
(among 
other 
things) 
parity 
and over- 
Carry flag 


flow 
status. 
Programmers 
Can take 
advantage 
of 128 
ADDC A,#data 
Add immediate data 
2 
software 
flags 
to keep 
track 
of operating 
modes, 
re- 
to Acc with Carry flag 
source 
usage, and so forth, 
SUSS 
A,Rn 
Subtract register from 
Accumulator with 


The 
Boolean 
instructions 
are 
also 
the 
most 
efficient 
borrow 


way to control 
or reconfigure 
peripheral 
and I/O 
regis- 
SUSS 
A,direct 
Subtract direct byte 
2 
ters. All 32 I/O 
lines become 
"test 
pins," 
for example, 
from Acc with borrow 


tested by conditional 
jump 
instructions. 
Any output 
pin 
SUSS 
A,@Ri 
Subtract indirect RAM 
can be toggled 
(complemented) 
in a single instruction 
from Acc with borrow 
cycle. Setting 
or clearing 
the Timer 
Run flags (TRO and 
SUSS 
A,#data 
Subtract immediate 
2 
TRI) 
turn 
the 
timer/counters 
on or off; polling 
the 
data from Acc with 


same 
flags elsewhere 
lets the program 
determine 
if a 
borrow 


timer 
is running. 
The 
respective 
overflow 
flags (TFO 
MUL 
AS 
MultiplyA & S 
4 
and TFI) 
can be tested 
to determine 
when the desired 
DIV 
AS 
DivideAbyS 
4 
period 
or count has elapsed, 
then cleared 
in preparation 
DA 
A 
Decimal Adjust 
1 
for the next repetition. 
(For the record, 
these bits are all 
Accumulator 


part 
of the TCON 
register, 
Figure 
7a. Thanks 
to sym- 
RLC 
A 
Rotate Accumulator 
bolie bit addressing, 
the programmer 
only needs to re- 
Left through the Carry 
member 
the mnemonic 
associated 
with 
each 
function. 


In other 
words, 
don't 
bother 
memorizing 
control 
word 
flag 
RRC 
A 
Rotate Accumulator 
layouts.) 
Right through Carry 


In the 
MCS-48 
family, 
instructions 
corresponding 
to 
flag 


some 
of the above 
functions 
require 
specific 
opcodes. 
CJNE 
A,direct.rel 
Compare direct byte 
3 
2 
Ten 
different 
opcodes 
serve 
to clear 
complement 
the 
to Acc & Jump if Not 
software 
flags 
FO and 
FI, 
enable/disable 
each 
inter- 
Equal 


rupt, 
and start/stop 
the timer. 
In the 8051 instruction 
CJNE 
A,# data. rei 
Compare immediate 
3 
2 
set, just three opcodes 
(SETB, 
CLR, 
CPL) with a direct 
to Acc & Jump ifNot 
bit address 
appended 
perform 
the same functions. 
Two 
Equal 


test instructions 
(JB and JNB) 
can be combined 
with 
CJNE 
Rn, #data.rel 
Compare immed to 
3 
2 
bit addresses 
to test 
the software 
flags, 
the 
8048 I/O 
register & Jump if Not 
pins TO, TI, 
and INT, 
and the eight accumulator 
bits, 
Equal 


replacing 
IS more different 
instructions. 
CJNE 
@Ri,#data.rel 
Compare immed to 
3 
2 


indirect & Jump if Not 
Table 
4a shows 
how 
8051 
programs 
implement 
soft- 
Equal 


ware 
flag 
and 
machine 
control 
functions 
associated 


with 
special 
opcodes 
in the 
8048. 
In 
every 
case 
the 
All mnemonics 
copyrighted 
© Intel Corporation 
1980. 
MCS-51 
solution 
requires 
the same number 
of machine 
cycles, 
and executes 
2.5 times faster. 
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8048 
Bytes 
Cycles 
IJ-Sec 
8x51 
Bytes 
Cycles & IJ-Sec 
Instruction 
Instruction 


Flag Control 
CLR 
C 
1 
1 
2.5 
CLR 
C 
1 
1 
CPL 
FO 
1 
1 
2.5 
CPL 
FO 
2 
1 


Flag Testing 
JNC 
offset 
2 
2 
5.0 
JNC 
rei 
2 
2 
JFO 
offset 
2 
2 
5.0 
JB 
FO.rel 
3 
2 
JB7 
offset 
2 
2 
5.0 
JB 
ACC.7.rel 
3 
2 


Peripheral 
Polling 
JTO 
offset 
2 
2 
5.0 
JB 
TO.rel 
3 
2 
JN1 
offset 
2 
2 
5.0 
JNB 
INTO.rel 
3 
2 
JTF 
offset 
2 
2 
5.0 
JBC 
TFO.rel 
3 
2 


Machine 
and Peripheral 
Control 


STRT 
T 
1 
1 
2.5 
SETB 
TRO 
2 
1 
EN 
1 
1 
1 
2.5 
SETB 
EXO 
2 
1 
DIS 
TCNT1 
1 
1 
2.5 
CLR 
ETO 
2 
1 


8048 
Bytes 
Cycles 
IJ-Sec 
8051 
Bytes 
Cycles & IJ-Sec 
Instruction 
Instruction 


Flag Control 
Set carry 
CLR 
C 


SETB 
C 
CPL 
C 
= 
2 
2 
5.0 
1 
1 


Set Software 
Flag 
CLR 
FO 


SETB 
CPL 
FO 
= 
2 
2 
5.0 
FO 
2 
1 


Turn Off Output Pin 
ANL 
P1.#OFBH 
= 
2 
2 
5.0 
CLR 
P1.2 
2 
1 


Complement 
Output Pin 
IN 
AP1 
XRL 
A#04H 
OUTL 
P1.A 
= 
4 
6 
15.0 
CPL 
P1.2 
2 
1 


Clear Flag in RAM 
MOV 
RO.#FLGADR 
MOV 
A@RO 
ANL 
A#FLGMASK 
MOV 
@RO.A 
= 
6 
6 
15.0 
CLR 
USER_FLG 
2 
1 


8048 
Bytes 
Cycles 
fLSec 
8x51 
Bytes 
Cycles 
& fLSec 
Instruction 
Instruction 
Flag Testing: 
Jump ifSoftware Flag is 0 
JFO 
$+4 
JMP 
offset 
= 
4 
4 
10.0 
JNB 
FO.rel 
3 
2 
Jump ifAccumulator bit is 0 
CPL 
A 


JB7 
offset 
CPL 
A 
= 
4 
4 
10.0 
JNB 
ACC.7.rel 
3 
2 
Peripheral Polling 
Test if Input Pin is Grounded 
IN 
A.P1 
CPL 
A 


JB3 
offset 
= 
4 
5 
12.5 
JNB 
P1.3.rel 
3 
2 
Test if Interrupt Pinis High 
JN1 
$+4 
JMP 
offset 
= 
4 
4 
10.0 
JB 
INTO.rel 
3 
2 


3.0 
BOOLEAN 
PROCESSOR 
APPLICATIONS 


Qualitatively, 
nothing. All the same capabilities could 


be (and often have been) implemented on other ma- 
chines using awkward sequences of other basic opera- 
tions. As mentioned earlier, any CPU can solve any 
problem given enough time. 


Quantitatively, 
the differences between a solution al- 


lowed by the 8051 and those required by previous ar- 
chitectures are numerous. What the 8051 Family buys 
you is a faster, cleaner, lower-cost solution to micro- 
controller applications. 


The opcode space freed by condensing many specific 
8048 instructions into a few general operations has been 
used to add new functionality to the MCS-5l architec- 
ture-both 
for byte and bit operations. 
144 software 


flags replace the 8048's two. These flags (and the carry) 
may be directly set, not just cleared and complemented, 
and all can be tested for either state, not just one. Oper- 
ating mode bits previously inaccessible may be read, 
tested, or saved. Situations where the 8051 instruction 
set provides new capabilities are contrasted with 8048 
instruction sequences in Table 4b. Here the 8051 speed 
advantage ranges from 5x to 15x! 


Combining 
Boolean and byte-wide instructions 
can 


produce great synergy. An MCS-51 based application 
will prove to be: 
• simpler to write since the architecture 
correlates 


more closely with the problems being solved: 


• easier to debug because more individual instructions 


have no unexpected or undesirable side-effects: 


• more byte efficient due to direct bit addressing and 


program counter relative branching: 


• faster running because fewer bytes of instruction 


need to be fetched and fewer conditional jumps are 
processed: 


• lower cost because of the high level of system-inte- 
gration within one component. 


These rather unabashed claims of excellence shall not 
go unsubstantiated. The rest of this chapter examines 
less trivial tasks simplified by the Boolean processor. 
The first three compare the 8051 with other micro- 
processors; the last two go into 8051-based system de- 
signs in much greater depth. 


First off, we'll use the bit-transfer instructions to per- 
mute a lengthy pattern of bits. 


inter 


A steadily increasing number of data communication 
products use encoding methods to protect the security 
of sensitive information. 
By law, interstate 
financial 


transactions involving the Federal banking system must 
be transmitted 
using the Federal 
Information 
Pro- 
cessing Data Encryption Standard (DES). 


Basically, the DES combines eight bytes of "plaintext" 
data (in binary, ASCII, or any other format) with a 56- 
bit "key", producing a 64-bit encrypted value for trans- 
mission. At the receiving end the same algorithm is 
applied to the incoming data using the same key, repro- 
ducing the original eight byte message. The algorithm 
used for these permutations is fixed; different user-de- 
fined keys ensure data privacy. 


It is not the purpose of this note to describe the DES in 
any detail. Suffice it to say that encryption/decryption 
is a long, iterative process consisting of rotations, exclu- 
sive -OR operations, function table look-ups, and an 
extensive (and quite bizarre) sequence of bit permuta- 
tion, packing, and unpacking steps. (For further details 
refer to the June 21, 1979 issue of Electronics maga- 
zine.) The bit manipulation steps are included, it is ru- 
mored, to impede a general purpose digital supercom- 
puter trying to "break" the code. Any algorithm imple- 
menting 
the DES with previous generation 
micro- 
processors would spend virtually all of its time diddling 
bits. 


The bit manipulation performed is typified by the Key 
Schedule Calculation represented in Figure 9. This step 
is repeated 16 times for each key used in the course of a 
transmission. In essence, a seven-byte, 56-bit "Shifted 
Key Buffer" is transformed into an eight-byte, "Permu- 
tation Buffer" without altering the shifted Key. The 
arrows in Figure 9 indicate a few of the translation 
steps. Only six bits of each byte of the Permutation 
Buffer are used; the two high-order bits of each byte are 
cleared. This means only 48 of the 56 Shifted Key Buff- 
er bits are used in anyone iteration. 


Different microprocessor architectures would best im- 
plement this type of permutation 
in different ways. 


Most approaches would share the steps of Figure lOa: 
• Initialize the Permutation 
Buffer to default state 


(ones or zeroes): 


• Isolate the state of a bit of a byte from the Key 


Buffer. Depending on the CPU, this might be ac- 
complished by rotating a word of the Key Buffer 
through a carry flag or testing a bit in memory or an 
accumulator against a mask byte: 


• Perform a conditional jump based on the carry or 


zero flag if the Permutation 
Buffer default state is 


correct: 


• Otherwise reverse the corresponding bit in the per- 


mutation buffer with logical operations and mask 
bytes. 


Each step above may require several instructions. The 
last three steps must be repeated for all 48 bits. Most 
microprocessors would spend 300 to 3,000 microsec- 
onds on each of the 16 iterations. 


Notice, though, that this flow chart looks a lot like 
Figure 8. The Boolean Processor can permute bits by 
simply moving them from the source to the carry to the 
destination-a 
total of two instructions 
taking four 


bytes and three microseconds per bit. Assume the Shift- 
ed Key Buffer and Permutation Buffer both reside in 
bit-addressable RAM, with the bits of the former as- 
signed symbolic names SKB_l, 
SKB_2, 
... 
SKB_ 


56, and that the bytes of the latter are named PB_l, 
... 
PB_8. 
Then working from Figure 9, the software 


for the permutation algorithm would be that of Exam- 
ple la. The total routine length would be 192 bytes, 
requiring 144 microseconds. 


SET PERMUT It liON 
BUFFER 
BIT 
PC2 (II 


(LEAVE PERMUTATION 
BUFFER 
BIT 
CLEARED) 


REPEAT 
FOR EACH 
81T OF 
SHinED 
KEY 
BUFFER 
148 TIMES) 


inter 


REPEAT 
FOR EACH 
BYTE OF 
PERMUTATION 
BUFFER 
(8 TIMES) 


inter 


The algorithm of Figure lOb is just slightly more effi- 
cient in this time-critical application and illustrates the 
synergy of an integrated byte and bit processor. The 
bits needed for each byte of the Permutation Buffer are 
assimilated by loading each bit into the carry (I ,...s.) 
and shifting it into the accumulator (I ,...s.).Each byte 
is stored in RAM when completed. Forty-eight bits 
thus need a total of 112 instructions, some of which are 
listed in Example lb. 


Worst-case execution time would be 112 microseconds, 
since each instruction 
takes a single cycle. Routine 


length would also decrease, to 168 bytes. (Actually, in 
the context of the complete encryption algorithm, each 
permuted byte would be processed as soon as it is as- 
similated-saving 
memory and cutting execution time 


by another 8 ,...s.) 


To date, most banking terminals and other systems us- 
ing the DES have needed special boards or peripheral 
controller chips just for the encryption/decryption 
pro- 


cess, and still more hardware to form a serial bit stream 
for transmission (Figure 11a). An 8051 solution could 
pack most of the entire system onto the one chip (Fig- 
ure lib). The whole DES algorithm would require less 
than one-fourth of the on-chip program memory, with 
the remaining bytes free for operating the banking ter- 
minal (or whatever) itself. 


Moreover, since transmission and reception of data is 
performed through 
the on-board DART, 
the unen- 


crypted data (plaintext) never even exists outside the 
microcomputer! Naturally, this would afford a high de- 
gree of security from data interception. 


Example 1. DES Key Permutation Software. 


a.) "Brute Force" technique 


MOV 
C,SKB_I 
MOV 
PB_LI, C 
MOV 
C,SKB_2 
MOV 
PB_4.0,C 
MOV 
C,SKB_3 
MOV 
PB_2.5,C 
MOV 
C,SKB_4 
MOV 
PB_L 0,C 


MOV 
C,SKB_55 
MOV 
PB_5.0,C 
MOV 
C,SKB_56 
MOV 
PB_7.2,C 


CLR 
A 
MOV 
C,SKB_14 
RLC 
A 
MOV 
C,SKB_17 
RLC 
A 
MOV 
C,SKB_ll 
RLC 
A 
MOV 
C,SKB_24 
RLC 
A 
MOV 
C,SKB_I 
RLC 
A 
MOV 
C,SKB_5 
RLC 
A 
MOV 
PB_I,A 


MOV 
C,SKB_29 
RLC 
A 
MOV 
C,SKB_32 
RLC 
A 
MOV 
PB_8,A 


I 


IL 


DISPLAY 
[ 
P2 


rxD 
. 
8051 
PO 
-y 
RxD •• 
KEYBOARD 
. 
P1 


b.) Using One Single-Chip Microcomputer 


Figure 11.Secure Banking Terminal Block Diagram 


Design Example # 2-Software 
Serial I/O 


An exercise 
often imposed 
on beginning 
microcomput- 


er students 
is to write a program 
simulating 
a DART. 
Though 
doing this with the 8051 Family 
may appear 
to 


be a moot 
point 
(given 
that 
the 
hardware 
for a full 


DART 
is on-chip), 
it is still instructive 
to see how it 


would 
be done, and maintains 
a product 
line tradition. 


As it turns 
out, the 8051 microcomputers 
can receive or 


transmit 
serial 
data 
via software 
very efficiently 
using 


the Boolean 
instruction 
set. Since any I/O 
pin may be a 


serial 
input 
or 
output, 
several 
serial 
links 
could 
be 


maintained 
at once. 


Figures 
12a and 
12b show 
algorithms 
for receiving 
or 


transmitting 
a byte 
of data. 
(Another 
section 
of pro- 


gram would invoke this algorithm 
eight times, synchro- 


nizing it with a start bit, clock signal, software 
delay, or 


timer 
interrupt.) 
Data 
is received 
by testing 
an input 


pin, 
setting 
the 
carry 
to the 
same 
state, 
shifting 
the 


carry into a data buffer, 
and saving the partial 
frame in 


internal 
RAM. 
Data 
is transmitted 
by shifting 
an out- 


put buffer 
through 
the carry, 
and generating 
each 
bit 


on an output 
pin. 


A side-by-side 
comparison 
of the software 
for this com- 


mon "bit-banging" 
application 
with three 
different 
mi- 


croprocessor 
architectures 
is shown in Table 
5a and 5b. 


The 8051 solution 
is more 
efficient 
than 
the others 
on 


every count! 


b.) Transmission 


Figure 12.Serial 110 Algorithms 


inter 


Table 5. Serial I/O Programs 
for Various 
Microprocessors 


1'1 
A"I 
.lZ 


CMC 
10' 
I XI 
MOV 
RR 
MOV 


SFRPORI 
MASK 
1.0 


RFSlIITS: 


X '''S rRITTlO"S 
14 BYTES 
50 S rATES 
19uSEe 


b.) Output Routinr. 


8085 


LXI 
MOY 
RR 
MOV 
I" 
.IC 
1.0 
A'" 
.IMP 
HI: 
ORI 


n';T:OlIT 


M.A 
SERPORT 
HI 
'lOT 
MASK 
C'IT 
MASK 


SFRPOR 
r 


RESlII.TS: 


10lNSTRUCTIOl\S 
20 BYTES 
72 STATES 
24 uSEe 


Design Example # 3-Combinatorial 
Logic Equations 


.IC 
A" 
.IMP 


HI: 
ORI 
C'I: 


Next we'll look at some simple uses for bit-test instruc- 
tions and logical operations. (This example is also pre- 
sented in Application Note AP-69.) 


Virtually all hardware designers have solved complex 
functions using combinatorial logic. While the hard- 
ware involved may vary from relay logic, vacuum 
tubes, or TTL or to more esoteric technologies like flu- 
idics, in each case the goal is the same: to solve a prob- 
lem represented by a logical function of several Boolean 
variables. 


ClR 
.I" 
10 


("PI 
MOV 
MOV 
RRC 
MOV 


C 
1.0 


C 
RCUrSfRRl'l- 
A.@RO 


A 
@RO.A 


7 '''S' 
RIT 
1.10'lS 
9 HY I ES 
9 CYCLES 
22.5 uSFC 


8048 


MOV 
MOV 
RRC 
MOV 


RO."SERBIIF 
A.@RO 


A 
@RO.A 


HI 
SERPR1.""OT 
MASK 
C"l 
SfRPRT."MASK 


X II\STR lICTIONS 
1.1BYTES 
II CYCLES 
27.5 uSEe 


MOV 
A.SFRHI·F 
RRC 
A 
MOV 
SERBl'F.A 


4 ISSIR IICTIOSS 
7 BYTES 
4 CVCI.ES 
4 uS Fe 


MOV 
A.SFRBI'F 


RRC 
A 
MOV 
SERBI'F.A 


4 INSTRUCTIONS 
7 BYTES 
5 CYCLES 
5 uSEe 


Figure 13 shows TTL and relay logic diagrams for a 
function of the six variables U through Z. Each is a 
solution of the equation. 


Equations of this sort might be reduced using Kar- 
naugh Maps or algebraic techniques, but that is not the 
purpose of this example. As the logic complexity in- 
creases, so does the difficulty of the reduction process. 
Even a minor change to the function equations as the 
design evolves would require tedious re-reduction from 
scratch. 


inter 


Q ~ (U • (V + W)) + (X. 
Y) + Z 
a.) Using TTL 


b.) Using Relay Logic 


Figure 13. Hardware 
Implementations 
of Boolean 
Functions 


For 
the 
sake of comparison 
we will implement 
this 


function 
three 
ways, restricting 
the software 
to three 


proper 
subsets of the MCS-51 instruction 
set. We will 


also assume that U and V are input pins from different 
input ports, Wand 
X are status bits for two peripheral 


controllers, 
and Y and Z are software flags set up earli- 


er in the 
program. 
The 
end 
result 
must 
be written 


to an output 
pin on some third port. The first two im- 


plementations 
follow the flow-chart 
shown 
in Figure 


14. Program 
flow would 
embark 
on a route 
down 
a 


test-and-branch 
tree and leaves either 
the "True" 
or 


"Not 
True" 
exit ASAP-as 
soon as the proper 
result 


has been determined. 
These exits then rewrite the out- 


put port with the result bit respectively 
one or zero. 


inter 


Figure 14. Flow Chart for 
Tree-Branching 
Algorithm 


Other digital computers must solve equations of this 
type with standard word-wide logical instructions and 
conditional jumps. So for the first implementation, we 
won't use any generalized bit-addressing instructions. 
As we shall soon see, being constrained to such an in- 
struction subset produces somewhat sloppy software 
solutions. MCS-51 mnemonics are used in Example 2a: 
other machines might further cloud the situation by 
requiring operation-specific mnemonics like INPUT, 
OUTPUT, LOAD, STORE, etc., instead of the MOY 
mnemonic used for all variable transfers in the 8051 
instruction set. 


The code which results is cumbersome and error prone. 
It would be difficult to prove whether the software 
worked for all input combinations in programs of this 
sort. Furthermore, execution time will vary widely with 
input data. 


Thanks to the direct bit-test operations, a single in- 
struction can replace each move mask conditional jump 
sequence in Example 2a, but the algorithm would be 
equally convoluted (see Example 2b). To lessen the 
confusion "a bit" each input variable is assigned a sym- 
bolic name. 


A more elegant and efficient implementation (Example 
2c) strings together the Boolean ANL and ORL func- 
tions to generate the output function with straight-line 
code. When finished, the carry flag contains the result, 
which is simply copied out to the destination pin. No 
flow chart is needed-code 
can be written directly from 


the logic diagrams in Figure 14. The result is simplicity 
itself: fast, flexible, reliable, easy to design, and easy to 
debug. 


An 8051 program can simulate an N-input AND or 
OR gate with at most N + I lines of source program- 
one for each input and one line to store the results. To 
simulate NAND and NOR gates, complement the car- 
ry after computing the function. When some inputs to 
the gate have "inversion bubbles", perform the ANL or 
ORL operation on inverted operands. When the first 
input is inverted, either load the operand into the carry 
and then complement it, or use DeMorgan's Theorem 
to convert the gate to a different form. 


Example 2. Software Solutions to Logic Function of 
Figure 13. 


a.) Using only byte-wide logical instructions 
:BFUNCI 
SOLVE 
RANDOM 
LOGIC 


FUNCTION 
OF 
6 
VARIABLES 


BY 
LOADING 
AND 
MASKING 


THE 
APPROPRIATE 
BITS 
IN 


THE 
ACCUMULATOR. 
THEN 


EXECUTING 
CONDITIONAL 


JUMPS 
BASED 
ON 
ZERO 


CONDITION. 
(APPROACH USED 


BY 
BYTE-ORIENTED 
ARCHITECTURES.J 
BYTE 
AND 


MASK 
VALUES 
CORRESPOND 
TO 


RESPECTIVE 
BYTE 
ADDRESS 


AND 
BIT 
POSITIONS. 


OUTBUF 
DATA 22H 
;OUTPUT PIN STATE MAP 


inter 


TESTV: 
MOV 
A,P2 
ANL 
A,#OOOOOlOOB 


JNZ 
TESTU 
MOV 
A,TCON 
ANL 
A,#OOlOOOOOB 


JZ 
TESTX 
TESTU: 
MOV 
A,Pl 
ANL 
A,#OOOOOOlOB 


JNZ 
SETQ 
TESTX: 
MOV 
A,TCON 
ANL 
A,#OOOOlOOOB 


JZ 
TESTZ 
MOV 
A,20H 
ANL 
A,#OOOOOOOlB 


JZ 
SETQ 
TESTZ: 
MOV 
A,21H 
ANL 
A,#OOOOOOlOB 


JZ 
SETQ 
CLRQ: 
MOV 
A,OUTBUF 
.. 


ANL 
A,#llllOlllB 


JMP 
OUTQ 
SETQ: 
MOV 
A,OUTBUF 
ORL 
A,#OOOOlOOOB 


OUTQ: 
MOV 
OUTBUF,A 
MOV 
P3,A 


b.) Using only bit-test instructions 
:BFUNC2 
SOLVE 
A 
RANDOM 
LOGIC 


FUNCTION 
OF 
6 
VARIABLES 


BY 
DIRECTLY 
POLLING 
EACH 


BIT. 
(APPROACH USING 


MCS-51 
UNIQUE 
BIT-TEST 


INSTRUCTION 
CAPABILITY.) 


SYMBOLS 
USED 
IN 
LOGIC 


DIAGRAM 
ASSIGNED 
TO 


CORRESPONDING 
8x51 
BIT 


ADDRESSES. 


U 
BIT 
Pl.l 
V 
BIT 
P2.2 
W 
BIT 
TFO 
X 
BIT 
IEl 
Y 
BIT 
20H.O 
Z 
BIT 
21H.l 
Q 
BIT 
P3.3 
, 
TEST_V: JB 
V,TEST_U 
JNB 
W,TEST_X 


TEST_U: JB 
U,SET_Q 
TEST_X: JNB 
X,TEST_Z 
JNB 
Y,SET_Q 
TEST_Z: JNB 
Z,SET_Q 
CLR_Q: 
CLR 
Q 
JMP 
NXTTST 
SET_Q: 
SETB 
Q 
NXTTST:(CONTINUATION OF 
:PROGRAM) 


c.) Using logical operations on Boolean variables 
:FUNC3 
SOLVE 
A 
RANDOM 
LOGIC 


FUNCTION 
OF 
6 
VARIABLES 


USING 
STRAIGHT_LINE 


LOGICAL 
INSTRUCTIONS 
ON 


MCS-51 
BOOLEAN 
VARIABLES. 
, 
MOV C,V 
ORL C,W 
ANL C,U 
MOV FO,C 
MOV C,X 
ANL C,Y 
ORL C,FO 
ORL C,Z 


;OUTPUT OF OR GATE 
;OUTPUT OF TOP AND GATE 
;SAVE INTERMEDIATE STATE 


;OUTPUT OF BOTTOM AND GATE 
;INCLUDE VALUE SAVED ABOVE 
;INCLUDE LAST INPUT 
;VARIABLE 
;OUTPUT COMPUTED RESULT 


inter 


An upper-limit can be placed on the complexity of soft- 
ware to simulate a large number of gates by summing 
the total number of inputs and outputs. The actual total 
should be somewhat shorter, since calculations can be 
"chained," as shown. The output of one gate is often 
the first input to another, bypassing the intermediate 
variable to eliminate two lines of source. 


Design Example # 4-Automotlve 
Dashboard 
Functions 


Now let's apply these techniques to designing the soft- 
ware for a complete controller system. This application 
is patterned 
after a familiar real-world application 


which isn't nearly as trivial as it might first appear: 
automobile turn signals. 


Imagine the three position turn lever on the steering 
column as a single-pole, triple-throw toggle switch. In 
its central position all contacts are open. In the up or 
down positions contacts close causing corresponding 
lights in the rear of the car to blink. So far very simple. 


Two more turn signals blink in the front of the car, and 
two others in the dashboard. All six bulbs flash when 
an emergency switch is closed. A thermo-mechanical 
relay (accessible under the dashboard in case it wears 
out) causes the blinking. 


Applying the brake pedal turns the tail light filaments 
on constantly ... 
unless a turn is in progress, in which 


case the blinking tail light is not affected. (Of course, 
the front turn signals and dashboard indicators are not 
affected by the brake pedal.) Table 6 summarizes these 
operating modes. 


Input Signals 
Output Signals 


Brake 
Emerg. 
Left 
Right 
Left 
Right 
Left 
Right 
Turn 
Turn 
Front 
Front 
Switch 
Switch 
Switch 
Switch 
& Dash 
& Dash 
Rear 
Rear 


0 
0 
0 
0 
Off 
Off 
Off 
Off 
0 
0 
0 
1 
Off 
Blink 
Off 
Blink 
0 
0 
1 
0 
Blink 
Off 
Blink 
Off 


0 
1 
0 
0 
Blink 
Blink 
Blink 
Blink 
0 
1 
0 
1 
Blink 
Blink 
Blink 
Blink 
0 
1 
1 
0 
Blink 
Blink 
Blink 
Blink 


1 
0 
0 
0 
Off 
Off 
On 
On 
1 
0 
0 
1 
Off 
Blink 
On 
Blink 
1 
0 
1 
0 
Blink 
Off 
Blink 
On 


1 
1 
0 
0 
Blink 
Blink 
On 
On 
1 
1 
0 
1 
Blink 
Blink 
On 
Blink 
1 
1 
1 
0 
Blink 
Blink 
Blink 
On 


But we're not done yet. Each of the exterior turn signal 
(but not the dashboard) bulbs has a second, somewhat 
dimmer filament for the parking 
lights. Figure 
15 
shows TIL circuitry which could control all six bulbs. 
The signals labeled "High Freq." and "Low Freq." rep- 
resent two square-wave inputs. Basically, when one of 
the turn switches is closed or the emergency switch is 
activated the low frequency signal (about I Hz) is gated 
through to the appropriate dashboard indicator(s) and 
turn signal(s). The rear signals are also activated when 
the brake pedal is depressed provided a turn is not be- 


I ing made in the same direction. When the parking light 
switch is closed the higher frequency oscillator is gated 
to each front and rear turn signal, sustaining a low-in- 
tensity background level. (This is to eliminate the need 
for additional parking light filaments.) 


In most cars, the switching logic to generate these func- 
tions requires a number of multiple-throw contacts. As 
many as 18 conductors thread the steering column of 
some automobiles solely for turn-signal and emergency 
blinker functions. (The author discovered this recently 
to his astonishment 
and dismay when replacing the 
whole assembly because of one burned contact.) 


A multiple-conductor wiring harness runs to each cor- 
ner of the car, behind the dash, up the steering column, 
and down to the blinker relay below. Connectors at 


LO. 
FREQ. 
OSCILLATOR 


each termination for each filament lead to extra cost 
and labor during construction, 
lower reliability and 
safety, and more costly repairs. And considering the 
system's present complexity, increasing its reliability or 
detecting failures would be quite difficult. 


There are two reasons for going into such painful detail 
describing this example. First, to show that the messiest 
part of many system designs is determining what the 
controller should do. Writing the software to solve 
these functions will be comparatively easy. Secondly, to 
show the many potential failure points in the system. 
Later we'll see how the peripheral functions and intelli- 
gence built into a microcomputer (with a little creativi- 
ty) can greatly reduce external interconnections 
and 
mechanical part count. 


The circuit shown in Figure 16 indicates five input pins 
to the five input variables-left-turn 
select, right-turn 
select, brake pedal down, emergency switch on, and 
parking lights on. Six output pins turn on the front, 
rear, and dashboard indicators for each side. The mi- 
crocomputer implements all logical functions through 
software, which periodically updates the output signals 
as time elapses and input conditions change. 


HI. 


FREQ. 
OSCILLATOR 


EMEIIOENCY 
SWITCH 


PARKING 
LIGHTS 


Design 
Example 
# 3 demonstrated 
that 
symbolic 
ad- 


dressing 
with user-defined 
bit names makes code and 


documentation 
easier to write and maintain. 
Accord- 
ingly, 
we'll 
assign 
these 
I/O 
pins 
names 
for 
use 


throughout 
the program. 
(The format 
of this example 


will differ somewhat 
from the others. 
Segments of the 


overall program 
will be presented 
in sequence as each is 


described.) 


INPUT PIN DECLARATIONS: 


;(ALL INPUTS ARE POSITIVE-TRUE 
LOGIC) 


BRAKE 
BIT Pl.O 
;BRAKE PEDAL 
;DEPRESSED 


EMERG 
BIT Pl.l 
;EMERGENCY BLINKER 
;ACTIVATED 


PARK 
BIT Pl.2 
;PARKING LIGHTS 
ON 


I_TURN BIT Pl.3 
;TURN LEVER DOWN 


R_TURN 
BIT Pl.4 
;TURN LEVER UP 


I_FRNT BIT Pl.5 
;FRONT LEFT-TURN 
;INDICATOR 


R_FRNT 
BIT Pl.6 
;FRONT RIGHT-TURN 
;INDICATOR 


I_DASH BIT Pl.7 
;DASHBOARD LEFT-TURN 
;INDICATOR 


R_DASH 
BIT P2.0 
;DASHBOARD RIGHT- 
;TURN INDICATOR 


LREAR 
BIT P2.l 
;REAR LEFT-TURN 
;INDICATOR 


R_REAR BIT P2.2 
;REAR RIGHT-TURN 
;INDICATOR 


Another 
key advantage 
of symbolic addressing 
will ap- 


pear further 
on in the design cycle. The locations 
of 


cable connectors, 
signal conditioning 
circuitry, 
voltage 


regulators, 
heat sinks, and the like all affect P.C. board 


layout. It's quite likely that the somewhat 
arbitrary 
pin 


assignment 
defined 
early in the software 
design cycle 


will prove to be less than optimum; 
rearranging 
the I/O 


pin assignment 
could well allow a more compact 
mod- 


ule, or eliminate costly jumpers 
on a single-sided 
board. 


(These 
considerations 
apply 
especially 
to automotive 


and 
other 
cost-sensitive 
applications 
needing 
single- 


chip controllers.) 
Since other architectures 
mask bytes 


or use "clever" 
algorithms 
to isolate 
bits by rotating 


them into the carry, re-routing 
an input signal (from bit 


I of port I, for example, to bit 4 of port 3) could require 
extensive modifications 
throughout 
the software. 


The 
Boolean 
Processor's 
direct 
bit addressing 
makes 


such changes absolutely 
trivial. The number 
of the port 


containing 
the pin is irrelevent, 
and masks and complex 


inter 


program structures 
are not needed. Only the initial 


Boolean variable declarations 
need to be changed; 
ASM51 automatically adjusts all addresses and symbol- 
ic references to the reassigned variables. The user is 
assured that no additional debugging or software verifi- 
cation will be required. 


;INTERRUPT RATE 
SUB_DIV 
DATA 


;HIGH-FREQUENCY 
HLFREQ 
BIT 
;LOW-FREQUENCY 
LO_FREQ 
BIT 


ORG 
INIT 


SUBDIVIDER 


20H 


OSCILLATOR 
BIT 


SUB_DIV,O 


OSCILLATOR 
BIT 
SUB_DIV,7 


ORG 
100H 


;PUT TIMER 0 IN MODE 1 
INIT; 
MOV 
TMOD,#OOOOOOOlB 


;INITIALIZE TIMER REGISTERS 


MOV 
TLO,#O 


MOV 
THO,#-16 


;SUBDIVIDE INTERRUPT RATE BY 244 


MOV 
SUB_DIV,#244 


;ENABLE TIMER INTERRUPTS 


SETB 
ETO 
;GLOBALLY ENABLE ALL INTERRUPTS 


SETB 
EA 
;START TIMER 
SETB 
TRO 


;(CONTINUE WITH BACKGROUND 
PROGRAM) 


;PUT TIMER 0 IN MODE 1 
;INITIALIZE TIMER REGISTERS 


;SUBDIVIDE INTERRUPT RATE BY 244 
;ENABLE TIMER INTERRUPTS 
;GLOBALLY ENABLE ALL INTERRUPTS 
;START TIMER 


Timer 0 (one of the two on-chip timer counters) re- 
places the thermo-mechanical blinker relay in the dash- 
board controller. During system initialization it is con- 
figured as a timer in mode I by setting the least signifi- 
cant bit of the timer mode register (TMOD). In this 
configuration the low-order byte (TLO) is incremented 
every machine cycle, overflowing and incrementing the 
high-order byte (THO) every 256 /ks. Timer interrupt 0 
is enabled so that a hardware interrupt will occur each 
time THO overflows. 


An eight-bit variable in the bit-addressable RAM array 
will be needed to further subdivide the interrupts via 
software. The lowest-order bit of this counter toggles 
very fast to modulate the parking lights: bit 7 will be 


"tuned" to approximately I Hz for the turn- and emer- 
gency-indicator blinking rate. 


Loading THO with -16 will cause an interrupt 
after 


4.096 ms. The interrupt 
service routine reloads the 


high-order byte of timer 0 for the next interval, saves 
the CPU registers likely to be affected on the stack, and 
then 
decrements 
SUB_DIY. 
Loading 
SUB_DIY. 


with 244 initially and each time it decrements to zero 
will produce a 0.999 second period for the highest-or- 
der bit. 


ORG 
OOOBH 
;TIMER 0 SERVICE VECTOR 


MOV 
THO,#-16 
PUSH PSW 
PUSH ACC 
PUSH B 
DJNZ SUB_DIV,TOSERV 
MOV 
SUB_DIV,#244 


The code to sample inputs, perform calculations, and 
update outputs-the 
real "meat" of the signal control- 


ler algorithm-may 
be performed either as part of the 


interrupt 
service routine or as part of a background 


program loop. The only concern is that it must be exe- 
cuted at least serveral dozen times per second to pre- 
vent parking light flickering. We will assume the for- 
mer case, and insert the code into the timer 0 service 
routine. 


First, notice from the logic diagram (Figure 15) that 
the subterm (PARK. 
H_FREQ), 
asserted when the 


parking lights are to be on dimly, figures into four of 
the six output 
functions. Accordingly, we will first 


compute that term and save it in a temporary location 
named "DIM". The PSW contains two general purpose 
flags: FO, which corresponds to the 8048 flag of the 
same name, and PSW.I. Since the PSW has been saved 
and will be restored to its previous state after servicing 
the interrupt, we can use either bit for temporary stor- 
age. 


PSW.l 
;DECLARE TEMP 
;STORAGE FLAG 


MOV C,PARK 


ANL HLFREQ 


;GATE PARKING 
;LIGHT SWITCH 
;WITH HIGH 
;FREQUENCY 
;SIGNAL 
;AND SAVE IN 
;TEMP. VARIABLE 


This simple three-line section of code illustrates a re- 
markable point. The software indicates in very abstract 
terms exactly what function is being performed, inde- 


intJ 


pendent of the hardware configuration. The fact that 
these three bits include an input pin, a bit within a 
program variable, and a software flag in the PSW is 
totally invisible to the programmer. 


Now generate and output the dashboard left turn sig- 
nal. 


MOV C,L_TURN 
;SET 
CARRY IF 


;TURN 


ORL C,EMERG 
;OR EMERGENCY 
;SELECTED 


ANL C,LO_FREQ 
;GATE 
IN 
1 HZ 


;SIGNAL 


MOV LDASH,C 
;AND OUTPUT 
TO 


;DASHBOARD 


To generate the left front turn signal we only need to 
add the parking light function in FO.But notice that the 
function in the carry will also be needed for the rear 
signal. We can save effort later by saving its current 
state in FO. 


;SAVE 
FUNCTION 


;SO 
FAR 


;ADD IN 
PARKING 


;LIGHT 
FUNCTION 


;AND OUTPUT 
TO 


;TURN 
SIGNAL 


ORL C,DIM 


MOV L_FRNT,C 


Finally, the rear left turn signal should also be on when 
the brake pedal is depressed, provided a left turn is not 
in pE.0gress. 


MOV C,BRAKE 
;GATE 
BRAKE 


;PEDAL 
SWITCH 


ANL C,L_TURN 
;WITH 
TURN 


;LEVER 


ORL C,FO 
;INCLUDE 
TEMP. 


;VARIABLE 
FROM DASH 


ORL C,DIM 


MOV L_REAR,C 


;AND PARKING 
;LIGHT 
FUNCTION 


;AND OUTPUT 
TO 
;TURN 
SIGNAL 


Now we have to go through a similar sequence for the 
right-hand equivalents to all the left-turn lights. This 
also gives us a chance to see how the code segments 
above look when combined. 


MOV C.R_TURN 
;SET 
CARRY H- 


;TURN 
ORL C.EMERG 
;OR EMERGENCY 
;SELECTED 


ANL C,LO_FREQ 
;IF 
SO. 
GATE IN 1 


;HZ 
SIGNAL 


MOV R_DASH.C 
;AND OUTPUT 
TO 


;DASHBOARD 


MOV FO.C 
;SAVE 
FUNCTION 


;SO 
FAR 


ORL C.DIM 
;ADD IN 
PARKING 


;LIGHT 
FUNCTION 


MOV R_FRNT.C 
;AND OUTPUT 
TO 


;TURN 
SIGNAL 


MOV C.BRAKE 
;GATE 
BRAKE 


;PEDAL 
SWITCH 


ANL C. 
R_TURN 
;WITH 
TURN 


;LEVER 


ORL C.FO 
; INCLUDE 
TEMP. 


;VARIABLE 
FROM 


;DASH 
ORL C.DIM 
;AND PARKING 
;LIGHT 
FUNCTION 


MOV R_REAR.C 
;AND OUTPUT 
TO 


;TURN 
SIGNAL 


(The perceptive reader may notice that simply rear- 
ranging the steps could eliminate one instruction from 
each sequence.) 


Now that all six bulbs are in the proper states, we can 
return from the interrupt routine, and the program is 
finished. This code essentially needs to reverse the 
status saving steps at the beginning of the interrupt. 


Sub_Dlv Bits 
Duty Cycles 


7 
6 
5 
4 
3 
2 
1 
0 
12.5% 
25.0% 
37.5% 
50.0% 
62.5% 
75.0% 
87.5% 


X 
X 
X 
X 
X 
0 
0 
0 
Off 
Off 
Off 
Off 
Off 
Off 
Off 
X 
X 
X 
X 
X 
0 
0 
1 
Off 
Off 
Off 
Off 
Off 
Off 
On 
X 
X 
X 
X 
X 
0 
1 
0 
Off 
Off 
Off 
Off 
Off 
On 
On 
X 
X 
X 
X 
X 
0 
1 
1 
Off 
Off 
Off 
Off 
On 
On 
On 
X 
X 
X 
X 
X 
1 
0 
0 
Off 
Off 
Off 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
0 
1 
Off 
Off 
On 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
1 
0 
Off 
On 
On 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
1 
1 
On 
On 
On 
On 
On 
On 
On 


;RESTORE CPU 
;REGISTERS. 


POP ACC 
POP PSW 
RETI 


Program Refinements. 
The luminescence of an incan- 
descent light bulb filament is generally non-linear: the 
50% duty cycle of HI_FREQ 
may not produce the 


desired intensity. If the application requires, duty cy- 
cles of 25%, 75%, etc. are easily achieved by ANDing 
and ORing in additional low-order bits of SUB_DIY. 
For example, 30 HI signals of seven different duty cy- 
cles could be produced by considering bits 2-0 as 
shown in Table 7. The only software change required 
would be to the code which sets-up variable DIM; 


MOV C,SUB_DIV.l;START 
WITH 50 


;PERCENT 
ANL C,SUB_DIV.O;MASK 
DOWN TO 25 


;PERCENT 


ORL C,SUB_DIV.2;AND 
BUILD BACK TO 


;62 PERCENT 


MOV DIM,C 
;DUTY CYCLE FOR 
;PARKING LIGHTS. 


Interconnections increase cost and decrease reliability. 
The simple buffered pin-per-function circuit in Figure 
16 is insufficient when many outputs require higher- 
than- TTL drive levels. A lower-cost solution uses the 
8051 serial port in the shift-register mode to augment 
110. In mode 0, writing a byte to the serial port data 
buffer (SBUF) causes the data to be output sequentially 
through the "RXD" 
pin while a burst of eight clock 
pulses is generated on the "TXD" pin. A shift register 
connected to these pins (Figure 17) will load the data 
byte as it is shifted out. A number of special peripheral 


driver circuits combining shift-register inputs with high 
drive level outputs have been introduced recently. 


Cascading multiple shift registers end-to-end will ex- 
pand the number of outputs even further. The data rate 
in the 1/0 expansion mode is one megabaud, or 8 IJos. 
per byte. This is the mode which the serial port defaults 
to following a reset, so no initialization is required. 


The software for this technique uses the B register as a 
"map" corresponding to the different output functions. 
The program manipulates these bits instead of the out- 
put pins. After all functions have been calculated the B 
register is shifted by the serial port to the shift-register 
driver. (While some outputs may glitch as data is shift- 
ed through them, at I Megabaud most people wouldn't 
notice. Some shift registers provide an "enable" bit to 
hold the output states while new data is being shifted 
in.) 


This is where the earlier decision to address bits sym- 
bolically throughout the program is going to payoff. 
This major 1/0 restructuring is nearly as simple to im- 
plement as rearranging the input pins. Again, only the 
bit declarations need to be changed. 


LFRNT 
BIT B.O 
;FRONT LEFT-TURN 
;INDICATOR 


R_FRNT 
BIT B.l 
;FRONT RIGHT-TURN 
;INDICATOR 


LDASH 
BIT B.2 
;DASHBOARD LEFT-TURN 
;INDICATOR 


R_DASH 
BIT B.3 
;DASHBOARD RIGHT-TURN 
;INDICATOR 


LREAR 
BIT B.4 
;REAR LEFT-TURN 
;INDICATOR 


R_REAR 
BIT B.5 
;REAR RIGHT-TURN 
;INDICATOR 


Figure 17. Output Expansion 
Using Serial Port 
10-239 
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The original program to compute the functions need 
not change. After computing the output variables, the 
control map is transmitted to the buffered shift register 
through the serial port. 


The Boolean Processor solution holds a number of ad- 
vantages over older methods. Fewer switches are re- 
quired. Each is simpler, requiring fewer poles and lower 
current contacts. The flasher relay is eliminated entire- 
ly. Only six filaments are driven, rather than 10. The 
wiring harness is therefore simpler and less expensive- 
one conductor for each of the six lamps and each of the 
five sensor switches. The fewer conductors use far few- 
er connectors. The whole system is more reliable. 


And since the system is much simpler it would be feasi- 
ble to implement redundancy and or fault detection on 
the four main turn indicators. Each could still be a 


standard double filament bulb, but with the filaments 
driven in parallel to tolerate single-element failures. 


Even with redundancy, the lights will eventually fail. 
To handle this inescapable fact current or voltage sens- 
ing circuits on each main drive wire can verify that 
each bulb and its high-current 
driver is functioning 


properly. Figure 18 shows one such circuit. 


Assume all of the lights are turned on except one: i.e., 
all but one of the collectors are grounded. For the bulb 
which is turned off, if there is continuity from + l2V 
through the bulb base and filament, the control wire, all 
connectors, and the P.C. board traces, and if the tran- 
sistor is indeed not shorted to ground, then the collec- 
tor will be pulled to + l2V. This turns on the base of 
Q8 through the corresponding resistor, and grounds the 
input pin, verifying that the bulb circuit is operational. 
The continuity of each circuit can be checked by soft- 
ware in this way. 


WIRING 
HARNESS 
I 
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Now turn all the bulbs on, grounding all the collectors. 
Q7 should be turned off, and the Test pin should be 
high. However, a control wire shorted to + 12Y or an 
open-circuited drive transistor would leave one of the 
collectors at the higher voltage even now. This too 
would turn on Q7, indicating a different type offailure. 
Software could perform these checks once per second 
by executing the routine every time the software count- 
er SUB_DIY 
is reloaded by the interrupt routine. 


DJNZ SUB_DIV,TOSERV 
MOV SUB_DIV,#244 
ORL Pl,#lllOOOOOB 


ORL P2,#00000111B 
CLR LFRNT 


CLR 
L_DASH 
JB 
TO,FAULT 
SETB L_DASH 
CLR 
L_REAR 
JB 
TO,FAULT 
SETB L_REAR 
CLR 
R_F.FNT 
JB 
TO,FAULT 
SETB R_FRNT 
CLR 
R_DASH 
JB 
TO,FAULT 
SETB R_DASH 
CLR 
R_REAR 
JB 
TO,FAULT 
SETB R_REAR 


;RELOAD COUNTER 
;SET CONTROL 
;OUTPUTS HIGH 


;FLOAT DRIVE 
;COLLECTOR 
;TO SHOULD BE 
;PULLED LOW 
;PULL COLLECTOR 
;BACK DOWN 


;WITH ALL COLLECTORS 
GROUNDED. 
TO 


SHOULD BE HIGH 
;IF SO. CONTINUE WITH INTERRUPT 
ROUTINE. 
JB 
TO,TOSERV 
FAULT: 
;ELECTRICAL 
;FAILURE 
;PROCESSING 
;ROUTINE 
;(LEFT TO 
;READER'S 
;IMAGINATION) 
;CONTINUE WITH 
;INTERRUPT 
;PROCESSING 


The complete assembled program listing is printed in 
Appendix A. The resulting code consists of 67 program 
statements, not counting declarations and comments, 
which assemble into 150bytes of object code. Each pass 
through 
the service routine 
requires 
(coincidently) 


67 /-Lsplus 32 /-Lsonce per second for the electrical test. 
If executed every 4 ms as suggested this software would 
typically reduce the throughput of the background pro- 
gram by less than 2%. 


Once a microcomputer has been designed into a system, 
new features suddenly become virtually free. Software 
could make the emergency blinkers flash alternately or 
at a rate faster than the turn signals. Turn signals could 
override the emergency blinkers. Adding more bulbs 
would allow multiple taillight sequencing and syncopa- 
tion-true 
flash.factor, so to speak. 


Design Example # 5-Complex 
Control 


Functions 


Finally, we'll mix byte and bit operations to extend the 
use of 8051 into extremely complex applications. 


Programmers can arbitrarily assign I/O pins to input 
and output functions only if the total does not exceed 
32, which is insufficient for applications with a very 
large number of input variables. One way to expand the 
number of inputs is with a technique similar to multi- 
plexed-keyboard scanning. 


Figure 19shows a block diagram for a moderately com- 
plex programmable industrial controller with the fol- 
lowing characteristics: 


• 64 input variable sensors: 
• 
12 output signals: 


• Combinational and sequential logic computations: 
• Remote operation with communications to a host 


processor via a high-speed full-duplex serial link: 


• Two prioritized external interrupts: 
• Internal real-time and time-of-day clocks. 


While many microprocessors could be programmed to 
provide these capabilities with assorted peripheral sup- 
port chips, an 8051 microcomputer needs no other inte- 
grated circuits! 


The 64 input sensors are logically arranged as an 8x8 
matrix. The pins of Port I sequentially enable each col- 
umn of the sensor matrix: as each is enabled Port 0 
reads in the state of each sensor in that column. An 
eight-byte block in bit-addressable RAM remembers 
the data as it is read in so that after each complete scan 
cycle there is an internal map of the current state of all 
sensors. Logic functions can then directly address the 
elements of the bit map. 


inter 


1 


10UF 


~ 
XTAL1 
VCC 
RST 


12M_Z 
~ 
XTAL2 
-- 


SERIAL 
\ 
RXe 
INTO 
-- 
LINK 
I 
TXe 
INT1 


RETURN 
8051 
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\ 
P3.4 
0 
8 
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'- 
P2.3 


P2.4 


P1.0 
P2.5 


P1.1 
P2.6 


P1.2 
P2.7 


P1.3 


P14 


P1.5 
ALE 
....-- 
N.C 


P1.6 
PSEN 
---- 
N.C. 


. 
P17 
- 
/ 
VSS 
EA 


SCAN 
1: 


LINES 


The computer's serial port is configured as a nine-bit 
DART, transferring data at 17,000 bytes-per-second. 
The ninth bit may distinguish between address and data 
bytes. 


The 8051 serial port can be configured to detect bytes 
with the address bit set, automatically ignoring all oth- 
ers. Pins INTO and INTI are interrupts configured re- 
spectively as high-priority, falling-edge triggered and 
low-priority, low-level triggered. The remaining 12 I/O 
pins output TTL-Ievel control signals to 12 actuators. 


There are several ways to implement the sensor matrix 
circuitry, all logically similar. Figure 20a shows one 
possibility. Each of the 64 sensors consists of a pair of 
simple switch contacts in series with a diode to permit 
multiple contact closures throughout the matrix. 


The scan lines from Port 1 provide eight un-encoded 
active-high scan signals for enabling columns of the 
matrix. The return lines on rows where a contact is 
closed are pulled high and read as logic ones. Open 
return lines are pulled to ground by one of the 40 kD. 
resistors and are read as zeroes. (The resistor values 
must be chosen to ensure all return lines are pulled 
above the 2.0Y logic threshold, even in the worst-case, 
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where all contacts in an enabled column are closed.) 
Since PO is provided open-collector outputs and high- 
impedance MOS inputs its input loading may be con- 
sidered negligible. 


Example 3. 
INPUT_SCAN: 
;SUBROUTINE 
TO READ 


;CURRENT STATE 
;OF 64 
SENSORS 
AND 


;SAVE 
IN 
RAM 20H-27H 
The circuits in Figures 20b-2Od are variations on this 
theme. When input signals must be electrically isolated 
from the computer circuitry as in noisy industrial envi- 
ronments. phototransistors can replace the switch diode 
pairs and provide optical isolation as in Figure 20b. 
Additional opto-isolators could also be used on the con- 
trol output and special signal lines. 


;INITIALIZE 
;POINTERS 
;FOR BIT 
MAP 
;BASES 
;SET 
FIRST 
BIT 


;IN 
ACC 
;OUTPUT 
TO SCAN 


;LINES 
;SHIFT 
TO ENABLE 


;NEXT COLUMN 
;NEXT 
;REMEMBER CUR- 
;RENT 
SCAN 


;POSITION 
;READ RETURN 
;LINES 
;SWITCH 
WITH 


;PREVIOUS 
MAP 
;BITS 
;SAVE PREVIOUS 
;STATE 
AS WELL 


;BUMP POINTERS 


The other circuits assume that input signals are already 
at TTL levels. Figure 20c uses octal three-state buffers 
enabled by active-low scan signals to gate eight signals 
onto Port o. Port 0 is available for memory expansion 
or peripheral chip interfacing between sensor matrix 
scans. Eight-to-one multiplexers in Figure 20d select 
one of eight inputs for each return line as determined 
by encoded address bits output on three pins of Port I. 
(Five more output pins are thus freed for more control 
functions.) Each output can drive at least one standard 
TTL or up to 10 low-power TTL loads without addi- 
tional buffering. 


MOV A,PO 


XCH A,@RO 


Going back to the original matrix circuit. Figure 21 
shows the method used to scan the sensor matrix. Two 
complete bit maps are maintained in the bit-addressable 
region of the RAM: one for the current state and one 
for the previous state read for each sensor. If the need 
arises. the program could then sense input transitions 
and or debounce contact closures by comparing each 
bit with its earlier value. 


INC 
RO 
INC 
Rl 
MOV A,R2 
;RELOAD SCAN 
;LINE 
MASK 


ACC,7;SCAN;LOOP 
UNTIL 
ALL 


;EIGHT 
COLUMNS 


;READ 


The code in Example 3 implements the scanning algo- 
rithm for the circuits in Figure 20a. Each column is 
enabled by setting a single bit in a field of zeroes. The 
bit maps are positive logic: ones represent contacts that 
are closed or isolators turned on. 
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Figure 20. Sensor Matrix Implementation 
Methods 
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Isolators 


Figure 20. Sensor Matrix Implementation 
Methods 
(Continued) 
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c.) Using TTL Three-State 
Buffers 


Figure 20. Sensor Matrix Implementation 
Methods 
(Continued) 
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d.) Using TTL Data Selectors 


Figure 20. Sensor Matrix Implementation 
Methods 
(Continued) 


inter 


venting some artificial design problem, software corre- 
sponding to commonplace logic elements will be dis- 
cussed. 


INITIALIZE 
MAP 
BUFFER 
POINTERS 
AND 
SCAN 
MASK 


Combinatorial Output Variables. An output 
variable 


which is a simple (or not so simple) combinational 
function of several input variables is computed in the 
spirit of Design Example 3. All 64 inputs are represent- 
ed in the bit maps: in fact, the sensor numbers in Figure 
20 correspond to the absolute bit addresses in RAM! 
The code in Example 4 activates an actuator connected 
to P2.2 when sensors 12, 23, and 34 are closed and 
sensors 45 and 56 are open. 


OUTPUT 
SCAN 
MASK 
TO SCAN 
liNES: 


STOllE 
SHIFTED 
MASK 


Example 4. 
Simple Combinatorial Output Variables. 


READ 
RETURN 
LINES 
AND 
UPDATE 
BIT MAPS 


;SET P2.2=(12) 
(23) (34) ( 45) ( 56) 


MOV 
C,12 
ANL 
C,23 
ANL 
C,34 
ANL 
C, 
45 
ANL 
C, 
56 
MOV 
P2.2,C 


Intermediate 
Variables. The examination of a typical 


relay-logic ladder diagram will show that many of the 
rungs control not outputs but rather relays whose con- 
tacts figure into the computation of other functions. In 
effect, these relays indicate the state of intermediate 
variables of a computation. 


The MCS-51 solution can use any directly addressable 
bit for the storage of such intermediate variables. Even 
when all 128 bits of the RAM array are dedicated (to 
input bit maps in this example), the accumulator, PSW, 
and B register provide 18additional flags for intermedi- 
ate variables. 


For example, suppose switches 0 through 3 control a 
safety interlock system. Closing any of them should de- 
activate certain outputs. Figure 22 is a ladder diagram 
for this situation. The interlock function could be re- 
computed for every output affected, or it may be com- 
puted once and save (as implied by the diagram). As 
the program proceeds this bit can qualify each output. 


Figure 21. Flowchart for 
Reading In Sensor Matrix 


What happens after the sensors have been scanned de- 
pends on the individual application. Rather than in- 


Example 5. Incorporating Override signal into actu- 
ator outputs. 
. 


CALL 
INPUT-SCAN 
MOV C,O 
ORL C,l 
ORL C,2 
ORL C,3 
MOV FO,C 


ANL 
C, FO 
MOV PLO,C 


ANL 
C, FO 
MOV PI,I,C 


ANL 
C, FO 
MOV PI,2,C 


Figure 22. Ladder 
Diagram 
for 
Output Override 
Circuitry 


Latching Relays. A latching relay can be forced into 
either the ON or OFF state by two corresponding input 
signals, where it will remain until forced onto the oppo- 
site state-analogous 
to a TTL Set/Reset flip-flop. The 


relay is used as an intermediate variable for other calcu- 
lations. In the previous example, the emergency condi- 
tion could be remembered and remain active until an 
"emergency cleared" button is pressed. 


Any flag or addressable bit may represent a latching 
relay with a few lines of code (see Example 6). 


;I_SET SET FLAG 
0 IF C=l 
LSET: 
ORL C,FO 
MOV FO,C 


;I_RSET RESET 
FLAG 
0 IF C=l 


LRSET: 
CPS C 
ANL 
C,FO 
MOV FO,C 


Time Delay Relays. A time delay relay does not re- 
spond to an input signal until it has been present (or 
absent) for some predefined time. For example, a bal- 
last or load resistor may be switched in series with a 
D.C. motor when it is first turned on, and shunted from 
the circuit after one second. This sort of time delay may 
be simulated by an interrupt routine driven by one of 
the two 8051 timer counters. The procedure followed 
by the routine depends heavily on the details of the 
exact function needed: time-outs or time delays with 
resettable or non-resettable inputs are possible. If the 
interrupt routine is executed every 10 milliseconds the 
code in Example 7 will clear an intermediate variable 
set by the background program after it has been active 
for two seconds. 


Example 7. Code to clear USRFLG after a fixed 
time delay. 


JNB 
DJNZ 
CLR 
MOV 


USR_FLG,NXTTST 
DLAY_COUNT,NXTTST 
USR_FLG 
DLALCOUNT,#200 


emePgen~y conclItIons represented 
by certain 
input 


combinations (such as the earlier Emergency Override), 
the controller could shut down the machine immediate- 
ly and/or 
alert the host processor via the serial port. 
Code bytes indicating the nature of the problem could 
be transmitted to a central computer. In fact, at 17,000 
bytes-per-second, the entire contents of both bit maps 
could be sent to the host processor for further analysis 
in less than a millisecond! If the host decides that con- 
ditions warrant, it could alert other remote processors 
in the system that a problem exists and specify which 
shut-down sequence each should initiate. For more in- 
formation on using the serial port, consult the MCS-5l 
User's Manual. 


One difference between relay and programmed indus- 
trial controllers (when each is considered as a "black 
box") is their respective reaction times to input chang- 
es. As reflected by a ladder diagram, relay systems con- 
tain a large number of "rungs" operating in parallel. A 
change in input 
conditions 
will begin propagating 


through the system immediately, possibly affecting the 
output state within milliseconds. 


Software, on the other hand, operates sequentially. A 
change in input states will not be detected until the next 
time an input scan is performed, and will not affect the 
outputs until that section of the program is reached. 
For that reason the raw speed of computing the logical 
functions is of extreme importance. 


Here the Boolean processor pays off. Every instruction 
mentioned in this Note completes in one or two micro- 
seconds-the 
minimum 
instruction execution time for 


many other microcontrollers! A ladder diagram con- 
taining a hundred rungs, with an average of four con- 
tacts per rung can be replaced by approximately five 
hundred lines of software. A complete pass through the 
entire matrix scanning routine and all computations 
would require about a millisecond: less than the time it 
takes for most relays to change state. 


an function with a subroutine would be less efficient by 
at least an order of magnitude. Extra software is needed 
for the simulation routines, and each step takes longer 
to execute for three reasons: several byte-wide logical 
instructions are executed per user program step (rather 
than one Boolean operation): most of those instructions 
take longer to execute with microprocessors performing 
multiple off-chip accesses: and calling and returning 
from the various subroutines 
requires overhead for 


stack operations. 


In fact, the speed of the Boolean Processor solution is 
likely to be much faster than the system requires. The 
CPU might use the time left over to compute feedback 
parameters, 
collect and analyze execution statistics, 


perform system diagnostics, and so forth. 


With the building-block basics mentioned above many 
more operations may be synthesized by short instruc- 
tion sequences. 


Exclusive-OR. There are no common mechanical devic- 
es or relays analogous to the Exclusive-OR operation, 
so this instruction 
was omitted 
from the Boolean 


Processor. However, the Exclusive-OR or Exclusive- 
NOR operation may be performed in two instructions 
by conditionally complementing the carry or a Boolean 
variable based on the state of any other testable bit. 


;EXCLUSIVE-;OR 
FUNCTION 
IMPOSED 
ON CARR' 


;USING FO IS INPUT 
VARIABLE. 


;XOR_FO: 
JNB FO.XORCNT 
;("JB" FOR X-NOR) 


CPL 
C 
;XORCNT: 
••• 
••••• 


XCH. The contents of the carry and some other bit may 
be exchanged (switched) by using the accumulator as 
temporary storage. Bits can be moved into and out of 
the 
accumulator 
simultaneously 
using 
the 
Rotate- 


inter 


through-carry instructions, though this would alter the 
accumulator data. 


;EXCHANGE CARRY WITH USRFLG 
XCHBIT: RLC 
A 
MOV 
C,USR_FLG 


RRC 
A 
MOV 
USR_FLG,C 
RLC 
A 


Extended 
Bit Addressing. 
The 8051 can directly address 
144 general-purpose bits for all instructions in Figure 
3b. Similar operations may be extended to any bit any- 
where on the chip with some loss of efficiency. 


The logical operations AND, OR, and Exclusive-OR 
are performed on byte variables using six different ad- 
dressing modes, one of which lets the source be an im- 
mediate mask, and the destination any directly address- 
able byte. Any bit may thus be set, cleared, or comple- 
mented with a three-byte, two-cycle instruction if the 
mask has all bits but one set or cleared. 


Byte variables, registers, and indirectly addressed RAM 
may be moved to a bit addressable register (usually the 
accumulator) in one instruction. Once transferred, the 
bits may be tested with a conditional jump, allowing 
any bit to be polled in 3 microseconds-still 
much fast- 


er than most architectures-or 
used for logical calcula- 


tions. (This technique can also simulate additional bit 
addressing modes with byte operations.) 


Parity 
01 bytes or bits. The parity of the current accu- 


mulator contents is always available in the PSW, from 
whence it may be moved to the carry and further 
processed. Error-correcting Hamming codes and simi- 
lar applications require computing parity on groups of 
isolated bits. This can be done by conditionally comple- 
menting the carry flag based on those bits or by gather- 
ing the bits into the accumulator (as shown in the DES 
example) and then testing the parallel parity flag. 


Though the 8051 serial port can accommodate eight- or 
nine-bit data 
transmissions, 
some protocols 
involve 
much longer bit streams. The algorithms presented in 


Design Example 2 can be extended quite readily to 16 
or more bits by using multi-byte input and output buff- 
ers. 


Many mass data storage peripherals and serial commu- 
nications protocols include Cyclic Redundancy (CRC) 
codes to verify data integrity. The function is generally 
computed serially by hardware using shift registers and 
Exclusive-OR gates, but it can be done with software. 
As each bit is received into the carry, appropriate bits 
in the multi-byte data buffer are conditionally comple- 
mented based on the incoming data bit. When finished, 
the CRC register contents may be checked for zero by 
ORing the two bytes in the accumulator. 


A truly unique facet of the Intel MCS-51 microcomput- 
er family design is the collection of features optimized 
for the one-bit operations so often desired in real-world, 
real-time control applications. Included are 17 special 
instructions, a Boolean accumulator, implicit and direct 
addressing modes, program and mass data storage, and 
many I/O options. These are the world's first single- 
chip microcomputers able to efficiently manipulate, op- 
erate on, and transfer either bytes or individual bits as 
data. 


This Application Note has detailed the information 
needed by a microcomputer system designer to make 
full use of these capabilities. Five design examples were 
used to contrast the solutions allowed by the 8051 and 
those required by previous architectures. Depending on 
the individual application, the 8051 solution will be eas- 
ier to design, more reliable to implement, debug, and 
verify, use less program memory, and run up to an or- 
der of magnitude faster than the same function imple- 
mented on previous digital computer architectures. 


Combining byte- and bit-handling capabilities in a sin- 
gle microcomputer has a strong synergistic effect: the 
power of the result exceeds the power of byte- and bit- 
processors laboring individually. Virtually all user ap- 
plications will benefit in some way from this duality. 
Data intensive applications will use bit addressing for 
test pin monitoring or program control flags: control 
applications will use byte manipulation for parallel 110 
expansion or arithmetic calculations. 


It is hoped that these design examples give the reader 
an appreciation of these unique features and suggest 
ways to exploit them in his or her own application. 


ISIS-II 
MCS-51 
MACRO 
ASSEMBLER 
VI.O 
OBJECT 
MODULE 
PLACED 
IN :FO:AP70.HEX 
ASSEMBLER 
INVOKED 
BY: 
:(-1.a.m51 
ap70 .re 
dato(328) 


LOC 
OBJ 
LINE 
SOURCE 


0090 
0091 
0092 
0093 
0094 


2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 +1 


0095 
0096 
0097 
OOAO 
OOAI 
00A2 


0020 
0000 
0007 


THE 
FOLLOWING 
PROGRAM 
USES 
THE 
BOOLEAN 
INSTRUCTION 
SET 
OF 
THE 
INTEL 
E051 
MICROCOMPUTER 
TO PERFORM 
A NUMBER 
OF 
AUTOMOTIVE 
DASHBOARD 
CONTROL 
FUNCTIONS 
RELATING 
TO 
TURN 
SIGNAL 
CONTROL. 
EMERGENCY 
BLINKERS. 
BRAKE 
LIGHT 
CONTROL. 
AND 
PARKING 
LIGHT 
OPERATION .. 


THE 
ALGORITHMS 
AND 
HARDWARE 
ARE 
DESCRIBED 
IN DESIGN 
EXAMPLE 
*4 OF 
INTEL 
APPLICATION 
NOTE 
AP-70. 
"USING 
THE 
INTEL 
MCS-SllTM) 


BOOLEAN 
PROCESSING 
CAPABILITIES" 


INPUT 
PIN 
DECLARATIONS 


(ALL 
INPUTS 
ARE 
POSITIVE-TRUE 
LOGIC 


INPUTS 
ARE 
HIGH 
WHEN 
RESPECTIVE 
SWITCH 
CONTACT 
IS CLOSED 
) 


BRAKE 
BIT 
PI 
0 
BRAKE 
PEDAL 
DEPRESSED 
EMERG 
BIT 
PI 
I 
EMERGENCY 
BLINKER 
ACTIVATED 
PARK 
BIT 
.PI 
2 
PARKING 
LIGHTS 
ON 
L_TURN 
BIT 
PI 
3 
TURN 
LEVER 
DOWN 
R_TURN 
BIT 
PI 
4 
TURN 
LEVER 
UP 


OUTPUT 
PIN 
DECLARATIONS' 


(ALL 
OUTPUTS 
ARE 
POSITIVE 
TRUE 
LOGIC 


BULB 
IS TURNED 
ON 
WHEN 
OUTPUT 
PIN 
IS HIGH 
) 


LfRNT 
BIT 
PI :s 
FRONT 
LEFT-TURN 
INDICATOR 
R_FRNT 
BIT 
PI 
6 
,RONT 
RIGHT-TURN 
INDICATOR 


L_DASH 
BIT 
PI 
7 
DASHBOARD 
LEFT-TURN 
INDICATOR 
R_DASH 
BIT 
P2 
0 
DASHBOARD 
RIGHT-TURN 
INDICATOR 
L_REAR 
BIT 
P2 
I 
REAR 
LEFT-TURN 
INDICATOR 
R_REAR 
BIT 
P2 2 
REAR 
RIGHT-TURN 
INDICATOR 


S_FAIL 
BIT 
P2. 3 
ELECTRICAL 
SYSTEM 
FAULT 
INDICATOR 


INTERNAL 
VARIABLE 
DEFINITIONS 


SUB 
DIV 
DATA 
20H 
INTERRUPT 
RATE 
SUBDIVIDER 
HI_FREel BIT 
SUB_OIV 
0 
HIGH-FREelUENCY 
OSCILLATOR 
BIT 
LO_FREel BIT 
SUB_DIV 
7 
LOW-FREelUENCY 
OSCILLATOR 
BIT 


DIM 
BIT 
PSW 
I 
PARKING 
LIGHTS 
ON 
FLAG 


OOOB 
OOOB 
7:l8CFO 
OOOE 
CODO 
0010 
0154 


0040 
0040 
7:l8AOO 
0043 
7:l8CFO 
004b 
7589bl 


0049 
7520F4 
004C 
D2A9 
004E 
D2AF 
0050 
D28C 
0052 
80FE 


005A 
4390EO 
0050 
43A007 
OObO 
C295 
0062 209428 
00b5 
0295 
00b7 
C297 
00b9 
20B421 
OObC 
0297 
OObE 
C2A1 
0070 
20B41A 
0073 
D2AI 
0075 
C29b 
0077 
20B413 
007A 
D29b 
007C 
C2AO 
007E 
20B40C 
0081 
D2AO 
0083 
C2A2 
0085 
20B405 
0088 D2A2 


49 
50 
51 
52 
53 
54 
55 
5b 
57 
58 
59 
bO 
bl 
b2 
b3 
b4 
b5 
bb 
b7 
b8 
b9 
70 
71 
72 
73 
74 
75 
7b 
77 
78 
79 
80 
81 
82 
83 
84 
85 
8b 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
+1 


MOV 
SETB 
SETB 
SETB 
SJMP 


ORL 
ORL 
CLR 
JB 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 


TIMER 
0 SERVICE 
VECTOR 


HIGH 
TIMER 
BYTE 
ADJUSTED 
TO CONTROL 
INT 
RATE 


EXECUTE 
CODE 
TO SAVE 
ANY 
REGISTERS 
USED 
BELOW 


(CONTINUE 
WITH 
REST 
OF 
ROUTINE) 


ZERO 
LOADED 
INTO 
LOW-ORDER 
BYTE 
AND 
-Ib 
IN HIGH-ORDER 
BYTE 
GIVES 
4 MSEC 
PERIOD 
8-BIT 
AUTO 
RELOAD 
COUNTER 
MODE 
FOR 
TIMER 
I. 


Ib-BIT 
TIMER 
MODE 
FOR 
T'IMER 0 SELECTED 
SUBDIVIDE 
INTERRUPT 
RATE 
BY 
244 
FOR 
I HZ 
USE 
TIMER 
0 OVERFLOWS 
TO 
INTERRUPT 
PROGRAM 
CONFIGURE 
IE TO 
GLOBALLY 
ENABLE 
INTERRUPTS 
KEEP 
INSTRUCTION 
CYCLE 
COUNT 
UNTIL 
OVERFLOW 
START 
BACKGROUND 
PROGRAM 
EXECUTION 


EXECUTE 
SYSTEM 
TEST 
ONLY 
ONCE 
PER 
SECOND 
GET 
VALUE 
FOR 
NEXT 
ONE 
SECOND 
DELAY 
AND 
GO 
THROUGH 
ELECTRICAL 
SYSTEM 
TEST 
CODE 
SET 
CONTROL 
OUTPUTS 
HIGH 


FLOAT 
DRIVE 
COLLECTOR 
TO 
SHOULD 
BE PULLED 
LOW 
PULL 
COLLECTOR 
BACK 
DOWN 
REPEAT 
SEQUENCE 
FOR 
L ..D,'SH, 


ORG 
MOV 
PUSH 
AJMP 


OOOBH 
THO ••-Ib 
PSW 
UPDATE 


0040H 
TLO .•O 
THO ••-Ib 
TMOD .•OIIOOOOIB 


SUB_DIV ••244 
ETO 
EA 
TRO 
S 


PI. .IIIOOOOOB 
P2 .•0000011IB 
L_FRNT 
TO. FAULT 
L_FRNT 
L_DASH 
TO. FAULT 
L_DASH 
L_REAR 
TO. FAULT 
L_REAR 
R_FRNT 
TO. FAULT 
R_FRNT 
R_DASH 
TO. FAULT 
R_DASH 
R_REAR 
TO,FAULT 
R_REAR 


008F 
A201 
0091 
8200 
0093 
7202 
009' 
8292 
0097 
92DI 


0099 A293 
0098 
7291 


009D 
8207 


009F 
9297 


OOAI 
92D' 


00A3 
7201 


00A5 
9295 


00A7 
A2'10 
00A9 
BO'l3 
ooAB 
72D5 


OoAD 
72DI 
DQAF 
92Al 


00111 A294 
00B3 
7291 


00B5 
8207 
0087 
92AQ 
00B9 
92D5 
oOBB 
7201 
oOBD 
929b 
oOBF 
A290 
oOCI 
B094 
00C3 
7205 
OOC, 
72DI 
00C7 
92A2 


C. SUB_DIV 
1 
C. SUB_DIV 
0 
C. SUB_DIV 
2 
C.PARK 
DIM,C 


START 
WITH 
'0 PERCENT. 
MASK 
DOWN 
TO 2' 
PERCENT. 


BUILD 
BACK 
TO 
b2. , 
PERCENT. 


GATE 
WITH 
PARKING 
LIGHT 
SWITCH, 


AND 
SAVE 
IN TEMP. 
VARIAIlLF. 


C.L_TURN 
C.EMERG 
C.LO_FREG 
L_DASH. C 


SET 
CARRY 
IF TURN 
OR EMERGENCY 
SELECTED. 


IF SO. 
GATE 
IN 
1 HZ 
SIGNAL 


AND 
OUTPUT 
TO 
DASHBOARD 


Fo.C 
C.DIM 
L_FRNT. C 


SAVE 
FUNCTION 
SO FAR 
ADD 
IN PARKING 
LIGHT 
FUNCTION 
AND 
OUTPUT 
TO 
TURN 
SIGNAL. 


C.BRAKE 
C. /L_TURN 
C.FO 
C.DIM 
L_REAR. C 


GATE 
BRAKE 
PEDAL 
SWITCH 
WITH 
TURN 
LEVER. 


INCLUDE 
TEMP 
VARIABLE 
FROM 
DASH 
AND 
PARKING 
LIGHT 
FUNCTION 
AND 
OUTPUT 
TO 
TURN 
SIGNAL 


C.R 
TURN 
C.EMERG 
C.LO_FREG 
R_DASH. C 
FO.C 
C.DIM 
RJRNT. 
C 
C.BRAKE 
C. /R_TURN 
C.FO 
C.DIM 
R_REAR. C 


SET 
CARRY 
IF TURN 
OR EMERGENCY 
SELECTED 
IF SO. 
GATE 
IN 
1 HZ 
SIGNAL 
AND 
OUTPUT 
TO 
DASHBOARD. 


SAVE 
FUNCTION 
SO FAR. 


ADD 
IN PARKING 
LIGHT 
FUNCTION 
AND 
OUTPUT 
TO TURN 
SIGNAL 
GATE 
BRAKE 
PEDAL 
SWITCH 


WITH 
TURN 
LEVER 
INCLUDE 
TEMP 
VARIABLE 
FROM 
DASII 
AND 
PARKING 
LIGHT 
FUNCTION 
AND 
OUTPUT 
TO 
TURN 
SIGNAL. 


XREF 
SYMBOL 
TABLE 
LISTING 
- ------ 
---_.- 
------- 


NAME 
TYPE 
VALUE 
AND 
REFERENCES 


BRAKE 
N BSE~G 
0090H 
20. 
125 
140 


DIM 
N BSEG 
OODIH 
4511 108 
120 
128 
138 
143 


EA 
N BSEG 
OOAFH 
6'1 
EMERG 
N BSEG 
0091H 
21. 
113 
134 
ETO 
N BSEG 
00A9H 
63 
FO 
N BSfG 
00D5H 
119 
127 
137 
142 


FAULT 
L CSEG 
OOBDH 
75 
78 81 
84 
B7 
90 
9711 


HI 
FRE<J 
N BSEG 
OOOOH 
4211 
INIT 
L CSEG 
0040H 
50 
5BII 


L_DASH 
N BSEG 
0097H 
32.. 
77 
79 
115 


L_FRtH 
N BSEG 
0095H 
3011 74 
76 
121 
L_REAR 
N BSEG 
OOAIH 
34.. 
80 
82 
129 
L_TURN 
N BSEG 
0093H 
23. 
112 
126 


LO_FRE<J 
N BSEG 
0007H 
4311 114 
135 


PI 
N DSEG 
0090H 
20 21 22 23 24 30 31 32 72 


P2 
N DSEG 
OOAOH 
33 
34 
35 
37 
73 
PARK 
N BSEG 
0092H 
22. 
107 


PSW 
N DSEG 
OODOH 
45 
54 
14B 
~ 


I 


R_DASH 
N BSEG 
OOAOH 
3311 86 
B8 
136 
0 
RJRNT 
N BSEG 
0096H 
3111 83 
B5 
139 
N 
01 
R_REAR 
N BSEG 
00A2H 
3511 89 
91 
144 
01 
R_ TURN 
N BSEG 
0094H 
24. 
133 
I'll 
SJAIL. 
N BSEG 
00A3H 
3711 97 


SUB_DIV 
N OSEG 
0020H 
4111 42 
43 
62 
69 
70 
104 
105 
106 
TO 
N BSEG 
00B4H 
75 
78 
81 
84 
87 
90 
96 
TOSERV 
L CSEG 
OOBFH 
69 
96 
10411 
THO 
N DSEG 
OOBCH 
53 
59 
TLO 
N DSEG 
008AH 
5B 
TMOD 
N DSEG 
00B9H 
60 


TRO 
N BSl:G 
OOBCH 
65 


UPDATE 
L CSEG 
0054H 
55 69. 


ASSEMBLY 
COMPLETE. 
NO 
ERRORS 
FOUND 


203830-29 
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Digital circuits are often thought of as being immune to 
noise problems, but really they're not. Noises in digital 
systems produce software upsets: program jumps to ap- 
parently random locations in memory. Noise-induced 
glitches in the signal lines can cause such problems, but 
the supply voltage is more sensitive to glitches than the 
signal lines. 


Severe noise conditions, those involving electrostatic 
discharges, or as found in automotive environments, 
can do permanent damage to the hardware. Electrostat- 
ic discharges can blow a crater in the silicon. In the 
automotive 
environment, 
in ordinary 
operation, 
the 


"12V" power line can shown + and -400V transients. 


This Application Note describes some electrical noises 
and noise environments. Design considerations, along 
the lines of PCB layout, power supply distribution and 
decoupling, and shielding and grounding techniques, 
that may help minimize noise susceptibility are re- 
viewed. Special attention is given to the automotive and 
ESD environments. 


Noise problems are not usually encountered during the 
development phase of a microcontroller system. This is 
because benches rarely simulate the system's intended 
environment. Noise problems tend not to show up until 
the system is installed and operating in its intended en- 
vironment. Then, after a few minutes or hours of nor- 
mal operation the system finds itself someplace out in 
left field. Inputs are ignored and outputs are gibberish. 
The system may respond to a reset, or it may have to be 
turned off physically and then back on again, at which 
point it commences operating as though nothing had 
happened. There may be an obvious cause, such as an 
electrostatic discharge from somebody's finger to a key- 
board or the upset occurs every time a copier machine 
is turned on or off. Or there may be no obvious cause, 
and nothing the operator can do will make the upset 
repeat itself. But a few minutes, or a few hours, or a few 
days later it happens again. 


One symptom of electrical noise problems is random- 
ness, both in the occurrence of the problem and in what 
the system does in its failure. All operational upsets 
that occur at seemingly random intervals are not neces- 
sarily caused by noise in the system. Marginal VCC, 
inadequate 
decoupling, 
rarely 
encountered 
software 


conditions, or timing coincidences can produce upsets 
that seem to occur randomly. On the other hand, some 
noise sources can produce upsets downright periodical- 
ly. Nevertheless, the more difficult it is to characterize 
an upset as to cause and effect, the more likely it is to 
be a noise problem. 


The name given to electrical noises other than those 
that are inherent in the circuit components (such as 
thermal noise) is EMI: electromagnetic 
interference. 


Motors, power switches, fluorescent lights, electrostatic 
discharges, etc., are sources of EMI. There is a veritable 
alphabet soup of EMI types, and these are briefly de- 
scribed below. 


Anything that switches heavy current loads onto or off 
of AC or DC power lines will cause large transients in 
these power lines. Switching an electric typewriter on 
or off, for example, can put a lOOOVspike onto the AC 
power lines. 


The basic mechanism behind supply line transients is 
shown in Figure I. The battery represents any power 
source, AC or DC. The coils represent the line induc- 
tance between the power source and the switchable 
loads R I and R2. If both loads are drawing current, the 
line current flowing through the line inductance estab- 
lishes a magnetic field of some value. Then, when one 
of the loads is switched off, the field due to that compo- 
nent of the line current collapses, generating transient 
voltages, v = L(di/dt), which try to maintain the cur- 
rent at its original level. That's called an "inductive 
kick." Because of contact bounce, transients are gener- 
ated whether the switch is being opened or closed, but 
they're worse when the switch is being opened. 


An inductive kick of one type or another is involved in 
most line transients, including those found in the auto- 
motive environment. Other mechanisms for line tran- 
sients exist, involving noise pickup on the lines. The 
noise voltages are then conducted to a susceptible cir- 
cuit right along with the power. 


Anything that produces arcs or sparks will radiate elec- 
tromagnetic pulses (EMP) or radio-frequency interfer- 
ence (RFI). 


inter 


Spark discharges have probably caused more software 
upsets in digital equipment than any other single noise 
source. The upsetting mechanism is the EMP produced 
by the spark. The EMP induces transients in the cir- 
cuit, which are what actually cause the upset. 


Arcs and sparks occur in automotive ignition systems, 
electric motors, switches, static discharges, etc. Electric 
motors that have commutator bars produce an arc as 
the brushes pass from one bar to the next. DC motors 
and the "universal" (AC/DC) motors that are used to 
power hand tools are the kinds that have commutator 
bars. In switches, the same inductive kick that puts 
transients on the supply lines will cause an opening or 
closing switch to throw a spark. 


Electrostatic discharge (ESD) is the spark that occurs 
when a person picks up a static charge from walking 
across a carpet, and then discharges it into a keyboard, 
or whatever else can be touched. Walking across a car- 
pet in a dry climate, a person can accumulate a static 
voltage of 35kV. The current pulse from an electrostat- 
ic discharge has an extremely fast risetime - 
typically, 


4A/ns. Figure 2 shows ESD waveforms that have been 
observed by some investigators of ESD phenomena. 


It is enlightening to calculate the L(dildt) voltage re- 
quired to drive an ESD current pulse through a couple 
of inches of straight wire. Two inches of straight wire 
has about 50 nH of inductance. That's not very much, 
but using 50 nH for Land 
4A/ns for di/dt gives an 


L(di/dt) 
drop of about 200V. Recent observations by 
W.M. King suggest even faster risetimes (Figure 2b) 
and the occurrence of multiple discharges during a sin- 
gle discharge event. 


Obviously, ESD-sensitivity needs to be considered in 
the design of equipment that is going to be subjected to 
it, such as office equipment. 


Currents in ground lines are another source of noise. 
These can be 60 Hz currents from the power lines, or 
RF hash, or crosstalk from other signals that are shar- 
ing this particular wire as a signal return line. Noise in 
the ground lines is often referred to as a "ground loop" 
problem. The basic concept of the ground 
loop is 
shown 
in 
Figure 
3. 
The 
problem 
is 
that 
true 
earth-ground is not really at the same potential in all 
locations. If the two ends of a wire are earth-grounded 
at different locations, the voltage difference between the 
two "ground" points can drive significant currents (sev- 
eral amperes) through the wire. Consider the wire to be 
part of a loop which contains, in addition to the wire, a 
voltage source that represents the difference in poten- 
tial between the two ground points, and you have 


the classical "ground loop." By extension, the term is 
used to refer to any unwanted (and often unexpected) 
currents in a ground line. 


Radiated noise is noise that arrives at the victim circuit 
in the form of electromagnetic radiation, such as EMP 
and RFI. It causes trouble by inducing extraneous volt- 
ages in the circuit. Conducted noise is noise that arrives 
at the victim circuit already in the form of an extrane- 
ous voltage, typically via the AC or DC power lines. 


One defends against radiated noise by care in designing 
layouts and the use of effective shielding techniques. 
One defends against conducted noise with filters and 
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suppressors, 
although 
layouts 
and 
grounding 
tech- 


niques are important here, too. 


Addressing noise problems after the design of a system 
has been completed is an expensive proposition. The ill 
will generated by failures in the field is not cheap either. 
It's cheaper in the long run to invest a little time and 
money in learning about noise and noise simulation 
equipment, so that controlled tests can be made on the 
bench as the design is developing. 


Simulating the intended noise environment is a two- 
step process: First you have to recognize what the noise 
environment is, that is, you have to know what kinds of 
electrical noises are present, and which of them are go- 
ing to cause trouble. Don't ignore this first step, be- 
cause it's important. If you invest in an induction coil 
spark generator just because your application is auto- 
motive, you'll be straining at the gnat and swallowing 
the camel. Spark plug noise is the least of your worries 
in that environment. 


The second step is to generate the electrical noise in a 
controlled manner. This is usually more difficult than 
first imagined; one first imagines the simulation in 
terms of a waveform generator and a few spare parts, 
and then finds that a wideband power amplifier with a 
200V dynamic range is also required. A good source of 
information 
on who supplies what noise-simulating 


equipment is the 1981 "ITEM" Directory and Design 
Guide (Reference 6). 


Types of Failures and Failure 
Mechanisms 


A major problem that EMI can cause in digital systems 
is intermittent operational malfunction. These software 
upsets occur when the system is in operation at the time 
an EMI source is activated, and are usually character- 
ized by a loss of information or a jump in the execution 


of the program to some random location in memory. 
The person who has to iron out such problems is tempt- 
ed to say the program counter went crazy. There is 
usually no damage to the hardware, and normal opera- 
tion can resume as soon as the EMI has passed or the 
source is de-activated. Resuming normal operation usu- 
ally requires manual or automatic reset, and possibly 
re-entering of lost information. 


Electrostatic discharges from operating personnel can 
cause not only software upsets, but also permanent 
("hard") damage to the system. For this to happen the 
system doesn't even have to be in operation. Sometimes 
the permanent damage is latent, meaning the initial 
damage may be marginal and require further aggrava- 
tion through operating stress and time before perma- 
nent failure takes place. Sometimes too the damage is 
hidden. 


One ESD-related failure mechanism that has been iden- 
tified has to do with the bias voltage on the substrate of 
the chip. On some CPU chips the substrate is held at 
-2.5V by a phase-shift oscillator working into a capac- 
itor/diode 
clamping circuit. This is called a "charge 


pump" in chip-design circles. If the substrate wanders 
too far in either direction, program read errors are not- 
ed. Some designs have been known to allow electrostat- 
ic discharge currents to flow directly into port pins of 
an 8048. The resulting damage to the oxide causes an 
increase in leakage current, 
which loads down the 


charge pump, reducing the substrate voltage to a mar- 
ginal or unacceptable level. The system is then unreli- 
able or completely inoperative until the CPU chip is 
repl'lCed. But if the CPU chip was subjected to a dis- 
charge spark once, it will eventually happen again. 


Chips that have a grounded substrate, such as the 8748, 
can sometimes sustain some oxide damage without ac- 
tually becoming inoperative. In this case the damage is 
present, and the increased leakage current is noted; 
however, since the substrate voltage retains its design 
value, the damage is largely hidden. 
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It must therefore be recognized that connecting port 
pins unprotected to a keyboard or to anything else that 
is subject to electrostatic discharges, makes an extreme- 
ly dangerous configuration. It doesn't make any differ- 
ence what CPU chip is being used, or who makes it. If 
it connects unprotected to a keyboard, it will eventually 
be destroyed. Designing for an ESD-environment will 
be discussed further on. 


We might note here that MOS chips are not the only 
components 
that are susceptible to permanent 
ESD 


damage. Bipolar and linear chips can also be damaged 
in this way. PN junctions are subject to a hard failure 
mechanism called thermal secondary breakdown, in 
which a current spike, such as from an electrostatic 
discharge, causes microscopically localized spots in the 
junction to approach melt temperatures. Low power 
TIL 
chips are subject to this type of damage, as are 


op-amps. Op-amps, in addition, often carryon-chip 
MOS capacitors which are directly across an external 
pin combination, and these are susceptible to dielectric 
breakdown. 


We return now to the subject of software upsets. Noise 
transients can upset the chip through any pin, even an 
output pin, because every pin on the chip connects to 
the substrate through a pn junction. However, the most 
vulnerable pin is probably the VCC line, since it has 
direct access to all parts of the chip: every register, gate, 
flip-flop and buffer. 


The 
menu 
of possible upset mechanisms 
is quite 


lengthy. A transient on the substrate at the wrong time 
will generally cause a program read error. A false level 
at a control input can cause an extraneous or misdirect- 
ed opcode fetch. A disturbance on the supply line can 
flip a bit in the program counter or instruction register. 
A short interruption or reversal of polarity on the sup- 
ply line can actually turn the processor off, but not long 
enough for the power-up reset capacitor to discharge. 
Thus when the transient ends, the chip starts up again 
without a reset. 


A common failure mode is for the processor to lock 
itself into a tight loop. Here it may be executing the 
data in a table, or the program counter may have 
jumped a notch, so that the processor is now executing 
operands instead of opcodes, or it may be trying to 
fetch opcodes from a nonexistent external program 
memory. 


It should be emphasized that mechanisms for upsets 
have to do with the arrival of noise-induced transients 
at the pins of the chips, rather than with the generation 
of noise pulses within the chip itself, that is, it's not the 
chip that is picking up noise, it's the circuit. 


Prevention is usually cheaper than suppression, so first 
we'll consider some preventive methods that might help 


to minimize the generation of noise voltages in the cir- 
cuit. These methods involve grounding, shielding, and 
wiring techniques that are directed toward the mecha- 
nisms by which noise voltages are generated in the cir- 
cuit. We'll also discuss methods of decoupling. Then 
we'll look at some schemes for making a graceful recov- 
ery from upsets that occur in spite of preventive mea- 
sures. Lastly, we'll take another look at two special 
problem areas: electrostatic discharges and the automo- 
tive environment. 


The first thing most people learn about electricity is 
that current won't flow unless it can flow in a closed 
loop. This simple fact is sometimes temporarily forgot- 
ten by the overworked engineer who has spent the past 
several years mastering the intricacies of the DO loop, 
the timing loop, the feedback loop, and maybe even the 
ground loop. The simple current loop probably owes its 
apparent demise to the invention of the ground symbol. 
By a stroke of the pen one avoids having to draw the 
return paths of most of the current loops in the circuit. 
Then "ground" turns into an infinite current sink, so 
that any current that flows into it is gone and forgotten. 
Forgotten it may be, but it's not gone. It must return to 
its source, so that its path will by all the laws of nature 
form a closed loop. 


The physical geometry of a given current loop is the 
key to why it generates EMI, why it's susceptible to 
EMI, and how to shield it. Specifically, it's the area of 
the loop that matters. 


Any flow of current generates a magnetic field whose 
intensity varies inversely to the distance from the wire 
that carries the current. Two parallel wires conducting 
currents + I and - I (as in signal feed and return lines) 
would generate a nonzero magnetic field near the wires, 
where the distance from a given point to one wire is 
noticeably different from the distance to the other wire, 
but farther away (relative to the wire spacing), where 
the distances from a given point to either wire are about 
the same, the fields from both wires tend to cancel out. 
Thus, maintaining proximity between feed and return 
paths is an important way to minimize their interfer- 
ence with other signals. The way to maintain their 
proximity is essentially to minimize their loop area. 
And, because the mutual inductance from current loop 
A to current loop B is the same as the mutual induc- 
tance from current loop B to current loop A, a circuit 
that doesn't radiate interference doesn't receive it ei- 
ther. 


Thus, from the standpoint of reducing both generation 
of EMI and susceptibility to EMI, the hard rule is to 
keep loop areas small. To say that loop areas should be 
minimized is the same as saying the circuit inductance 
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should 
be minimized. 
Inductance 
is by definition 
the 


constant 
of proportionality 
between 
current 
and 
the 


magnetic 
field it produces: 
</> = LI. Holding 
the feed 


and return 
wires close together 
so as to promote 
field 


cancellation 
can be described 
either as minimizing 
the 


loop area or as minimizing 
L. It's the same thing. 


There are three basic kinds of shields: shielding against 
capacitive 
coupling, 
shielding 
against 
inductive 
cou- 


pling, and RF shielding. 
Capacitive 
coupling is electric 


field coupling, 
so shielding against it amounts 
to shield- 


ing against 
electric fields. As will be seen, this is rela- 
tively easy. Inductive 
coupling 
is magnetic 
field cou- 


pling, so shielding 
against 
it is shielding 
against 
mag- 


netic 
fields. 
This 
is a little 
more 
difficult. 
Strangely 


enough, 
this type of shielding 
does not in general 
in- 


volve the use of magnetic 
materials. 
RF shielding, 
the 


classical 
"metallic 
barrier" 
against 
all sorts of electro- 


magnetic 
fields, is what most people picture 
when they 


think 
about 
shielding. 
Its effectiveness 
depends 
partly 


on the selection of the shielding material, 
but mostly, as 
it turns out, on the treatment 
of its seams and the ge- 


ometry of its openings. 


Capacitive 
coupling 
involves the passage of interfering 


signals through 
mutual or stray capacitances 
that aren't 


shown 
on the circuit 
diagram, 
but which 
the experi- 


enced engineer knows are there. Capacitive 
coupling to 
one's body is what would cause an unstable oscillator 
to 


change its frequency 
when the person reaches his hand 


over the circuit, 
for example. 
More importantly, 
in a 


digital system it causes crosstalk 
in multi-wire 
cables. 


The way to block capacitive 
coupling 
is to enclose the 


circuit 
or conductor 
you want 
to protect 
in a metal 


shield. That's 
called an electrostatic 
or Faraday 
shield. 
If coverage 
is 100%, 
the shield does not have to be 


grounded, 
but it usually 
is, to ensure 
that 
circuit-to- 


shield capacitances 
go to signal reference ground rather 


than 
act as feedback 
and crosstalk 
elements. 
Besides, 
from a mechanical 
point of view, grounding 
it is almost 


inevitable. 


A grounded 
Faraday 
shield can be used to break capac- 


itive coupling 
between a noisy circuit and a victim cir- 


cuit, as shown in Figure 4. Figure 4a shows two circuits 
capacitively 
coupled 
through 
the stray capacitance 
be- 
tween them. In Figure 4b the stray capacitance 
is inter- 


cepted by a grounded 
Faraday 
shield, so that interfer- 


ence currents 
are shunted 
to ground. 
For example, 
a 


grounded 
plane can be inserted between PCBs (printed 


circuit boards) 
to eliminate 
most of the capacitive 
cou- 


pling between them. 


Another 
application 
of the Faraday 
shield is in the elec- 


trostatically 
shielded 
transformer. 
Here, 
a conducting 


foil is laid between the primary 
and secondary 
coils so 


as to intercept 
the capacitive coupling between them. If 


a system is being upset by AC line transients, 
this type 


of transformer 
may provide 
the fix. To be effective in 


this application, 
the shield must 
be connected 
to the 


greenwire 
ground. 


With 
inductive 
coupling, 
the physical 
mechanism 
in- 


volved is a magnetic flux density B from some external 
interference 
source that links with a current 
loop in the 


victim circuit, 
and generates 
a voltage 
in the loop in 


accordance 
with Lenz's law: v = - NA(dB/dt), 
where 


in this case N = I and A is the area of the current 
loop 


in the victim circuit. 


There 
are two aspects 
to defending 
a circuit 
against 


inductive 
pickup. 
One aspect is to try to minimize 
the 


offensive fields at their source. This is done by minimiz- 
ing the area of the current 
loop at the source so as to 


promote 
field cancellation, 
as described 
in the section 


on current 
loops. The other 
aspect is to minimize 
the 


inductive pickup in the victim circuit by minimizing 
the 


area of that current 
loop, since, from Lenz's 
law, the 


induced 
voltage is proportional 
to this area. So the two 


aspects really involve the same corrective 
action: mini- 


mize the areas of the current 
loops. 
In other 
words, 


minimizing 
the 
offensiveness 
of a circuit 
inherently 


minimizes 
its susceptibility. 


(b) Electrostatic 
Shielding 


Figure 4. Use of Faraday 
Shield 
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Shielding against inductive coupling means nothing 
more nor less than controlling the dimensions of the 
current loops in the circuit. We must look at four ex- 
amples of this type of "shielding": the coaxial cable, the 
twisted pair, the ground plane, and the gridded-ground 
PCB layout. 


The Coaxial Cable-Figure 
5 shows a coaxial cable 


carrying a current I from a signal source to a receiving 
load. The shield carries the same current as the center 
conductor. Outside the shield, the magnetic field pro- 
duced by + I flowing in the center conductor is can- 
celled by the field produced by - I flowing in the 
shield. To the extent that the cable is ideal in producing 
zero external magnetic field, it is immune to inductive 
pickup from external sources. The cable adds effective- 
ly zero area to the loop. This is true only if the shield 
carries the same current as the center conductor. 


In the real world, both the signal source and the receiv- 
ing load are likely to have one end connected to a com- 
mon signal ground. In that case, should the cable be 
grounded at one end, both ends, or neither end? The 
answer is that it should be grounded at both ends. Fig- 
ure 6a shows the situation when the cable shield is 
grounded at only one end. In that case the current loop 
runs down the center conductor of the cable, then back 
through the common ground connection. The loop area 
is not well defined. The shield not only does not carry 
the same current as the center conductor, but it doesn't 
carry any current at all. There is no field cancellation at 
all. The shield has no effect whatsoever on either the 
generation of EMI or susceptibility to EMI. (It is, how- 
ever, still effective as an electrostatic shield, or at least 
it would be if the shield coverage were 100%.) 


Figure 6b shows the situation when the cable is ground- 
ed at both ends. Does the shield carryall 
of the return 


current, or only a portion of it on account of the shunt- 
ing effect of the common ground connection? The an- 
swer to that question depends on the frequency content 
of the signal. In general, the current loop will follow the 
path of least impedance. At low frequencies, 0 Hz to 
several kHz, where the inductive reactance is insignifi- 
cant, the current will follow the path ofleast resistance. 
Above a few kHz, where inductive reactance predomi- 
nates, the current will follow the path of least induc- 
tance. The path of least inductance 
is the path of 
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(b) Two Return Paths 


Figure 6. Use of Coaxial Cable 


minimum loop area. Hence, for higher frequencies the 
shield carries virtually the same current as the center 
conductor, and is therefore effective against both gener- 
ation and reception of EMI. 


Note that we have now introduced the famous "ground 
loop" problem, as shown in Figure 7a. Fortunately, a 
digital system has some built-in immunity to moderate 
ground loop noise. In a noisy environment, however, 
one can break the ground loop, and still maintain the 
shielding effectiveness of the coaxial cable, by inserting 
an optical coupler, as shown in Figure 7b. What the 
optical coupler does, basically, is allow us to re-define 
the signal source as being ungrounded, so that that end 
of the cable need not be grounded, and still lets the 
shield carry the same current as the center conductor. 
Obviously, if the signal source weren't grounded in the 
first place, the optical coupler wouldn't be needed. 


The Twisted Pair-A 
cheaper way to minimize loop 


area is to run the feed and return wires right next to 
each other. This isn't as effective as a coaxial cable in 
minimizing loop area. An ideal coaxial cable adds zero 
area to the loop, whereas merely keeping the feed and 
return wires next to each other is bound to add a finite 
area. 


However, two things work to make this cheaper meth- 
od almost as good as a coaxial cable. First, real coaxial 
cables are not ideal. If the shield current isn't evenly 
distributed around the center conductor at every cross- 
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(b) Breaking 
the Ground 
Loop 


Figure 7. Use of Optical Coupler 


section of the cable (it isn't), then field cancellation ex- 
ternal to the shield is incomplete. If field cancellation is 
incomplete, then the effective area added to the loop by 
the cable isn't zero. Second, in the cheaper method the 
feed and return wires can be twisted together. This not 
only maintains their proximity, but the noise picked up 
in one twist tends to cancel out the noise picked up in 
the next twist down the line. Thus the "twisted pair" 
turns out to be about as good a shield against inductive 
coupling as coaxial cable is. 


The twisted pair does not, however, provide electrostat- 
ic shielding (i.e., shielding against capacitive coupling). 
Another operational difference between them is that 
the coaxial cable works better at higher frequencies. 
This is primarily because the twisted pair adds more 
capacitive loading to the signal source than the coaxial 
cable does. The twisted pair is normally considered use- 
ful up to only about I MHz, as opposed to near a GHz 
for the coaxial cable. 


The Ground Plane-The 
best way to mlmmlze loop 


areas when many current loops are involved is to use a 
ground plane. A ground plane is a conducting surface 
that is to serve as a return conductor for all the current 
loops in the circuit. Normally, it would be one or more 
layers of a multilayer PCB. All ground points in the 
circuit go not to a grounded trace on the PCB, but 
directly to the ground plane. This leaves each current 
loop in the circuit free to complete itself in whatever 
configuration yields minimum loop area (for frequen- 
cies wherein the ground path impedance is primarily 
inductive). 


Thus, if the feed path for a given signal zigzags its way 
across the PCB, the return path for this signal is free to 
zigzag right along beneath it on the ground plane, in 
such a configuration as to minimize the energy stored 
in the magnetic field produced by this current loop. 
Minimal magnetic flux means minimal effective loop 
area and minimal susceptibility to inductive coupling. 


The Gridded-Ground 
PCB 
Layout-The 
next best 


thing to a ground plane is to layout the ground traces 
on a PCB in the form of a grid structure, as shown in 
Figure 8. Laying horizontal traces on one side of the 
board and vertical traces on the other side allows the 
passage of signal and power traces. Wherever vertical 
and horizontal ground traces cross, they must be con- 
nected by a feed-through. 


Have we not created here a network of "ground loops"? 
Yes, in the literal sense of the word, but loops in the 
ground layout on a PCB are not to be feared. Such 
inoffensive little loops have never caused as much noise 
pickup as their avoidance has. Trying to avoid innocent 
little loops in the ground layout, PCB designers have 
forced current loops into geol)1etriesthat could swallow 
a whale. That is exactly the wrong thing to do. 


The gridded ground structure works almost as well as 
the ground plane, as far as minimizing loop area is con- 
cerned. For a given current loop, the primary return 
path may have to zig once in a while where its feed path 
zags, but you still get a mathematically optimal dis- 
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tribution of currents in the grid structure, such that the 
current loop produces less magnetic flux than if the 
return path were restrained to follow any single given 
ground trace. The key to attaining minimum loop areas 
for all the current loops together is to let the ground 
currents distribute themselves around the entire area of 
the board as freely as possible. They want to minimize 
their own magnetic field. Just let them. 


A time-varying electric field generates a time-varying 
magnetic field, and vice versa. Far from the source of a 
time-varying EM field, the ratio of the amplitudes of 
the electric and magnetic fields is always 377n. 
Up 


close to the source of the fields, however, this ratio can 
be quite different, and dependent on the nature of the 
source. Where the ratio is near 377n is called the far 
field, and where the ratio is significantly different from 
377n is called the near field. The ratio itself is called 
the wave impedance, E/H. 


The near field goes out about 1/6 of a wavelength from 
the source. At 1 MHz this is about 150 feet, and at 10 
MHz it's about 15 feet. That means if an EMI source is 
in the same room with the victim circuit, it's likely to 
be a near field problem. The reason this matters is that 
in the near field an RF interference problem could be 
almost entirely due to E-field coupling or H-field cou- 
pling, and that could influence the choice of an RF 
shield or whether an RF shield will help at all. 


In the near field of a whip antenna, the E/H ratio is 
higher than 377n, which means it's mainly an E-field 
generator. A wire-wrap post can be a whip antenna. 
Interference from a whip antenna would be by electric 
field coupling, which is basically capacitive coupling. 
Methods to protect a circuit from capacitive coupling, 
such 
as 
a 
Faraday 
shield, 
would 
be 
effective 


against RF interference from a whip antenna. A grid- 
ded-ground structure would be less effective. 


In the near field of a loop antenna, the E/H ratio is 
lower than 377n, 
which means it's mainly an H-field 


generator. Any current loop is a loop antenna. Interfer- 
ence from a loop antenna would be by magnetic field 
coupling, which is basically the same as inductive cou- 
pling. Methods to protect a circuit from inductive cou- 
pling, such as a gridded-ground structure, would be ef- 
fective against RF interference from a loop antenna. A 
Faraday shield would be less effective. 


A more difficult case of RF interference, near field or 
far field, may require a genuine metallic RF shield. The 
idea behind RF shielding is that time-varying EMI 
fields induce currents in the shielding material. The in- 
duced currents dissipate energy in two ways: PR losses 
in the shielding material and radiation losses as they re- 
radiate their own EM fields. The energy for both of 
these mechanisms is drawn from the impinging EMI 
fields. Hence the EMI is weakened as it penetrates the 
shield. 


More formally, the PR losses are referred to as absorp- 
tion loss, and the re-radiation is €alled reflection loss. 
As it turns out, absorption loss is the primary shielding 
mechanism for H-fields, and reflection loss is the pri- 
mary shielding mechanism for E-fields. Reflection loss, 
being a surface phenomenon, is pretty much indepen- 
dent of the thickness of the shielding material. Both 
loss mechanisms, however, are dependeQt on the fre- 
quency (w) of the impinging EMI field, and on the 
permeability (fJ-) and conductivity (0") of the shielding 
material. These loss mechanisms vary approximately as 
follows: 
0" 


reflection loss to an E-field (in dB) - 
log- 


wfJ- 


absorption loss to an H-field (in dB) - 
t~wO"fJ- 


where t is the thickness of the shielding material. 


The first expression indicates that E-field shielding is 
more effective if the shield material is highly conduc- 
tive, and less effective if the shield ifferromagnetic, and 
that low-frequency fields are easier to block than high- 
frequency fields. This is shown in Figure 9. 
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Copper and aluminum both have the same permeabili- 
ty, but copper is slightly more conductive, and so pro- 
vides slightly greater reflection loss to an E-field. Steel 
is less effective for two reasons. First, it has a somewhat 
elevated permeability due to its iron content, and sec- 
ond, as tends to be the case with magnetic materials, it 
is less conductive. 


On the other hand, according to the expression for ab- 
sorption loss to an H-field, H-field shielding is more 
effective at higher frequencies and with shield material 
that has both high conductivity and high permeability. 
In practice, however, selecting steel for its high perme- 
ability involves some compromise in conductivity. But 
the increase in permeability more than makes up for the 
decrease in conductivity, as can be seen in Figure 10. 
This figure also shows the effect of shield thickness. 


A composite of E-field and H-field shielding is shown 
in Figure II. However, this type of data is meaningful 
only in the far field. In the near field the EMI could be 
90% H-field, in which case the reflection loss is irrele- 
vant. It would be advisable then to beef up the absorp- 
tion loss, at the expense of reflection loss, by choosing 
steel. A better conductor than steel might be less expen- 
sive, but quite ineffective. 


A different shielding mechanism that can be taken ad- 
vantage offor low frequency magnetic fields is the abili- 
ty of a high permeability material such as mumetal to 
divert the field by presenting a very low reluctance path 
to the magnetic flux. Above a few kHz, however, the 
permeability of such materials is the same as steel. 


In actual fact the selection of a shielding material turns 
out to be less important than the presence of seams, 
joints and holes in the physical structure of the enclo- 
sure. The shielding mechanisms are related to the in- 
duction of currents in the shield material, but the cur- 
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rents must be allowed to flow freely. If they have to 
detour around slots and holes, as shown in Figure 12, 
the shield loses much of its effectiveness. 


As can be seen in Figure 12, the severity of the detour 
has less to do with the area of the hole than it does with 
the geometry of the hole. Comparing Figure 12c with 
12d shows that a long narrow discontinuity such as a 
seam can cause more RF leakage than a line of holes 
with larger total area. A person who is responsible for 
designing or selecting rack or chassis enclosures for an 
EMI environment needs to be familiar with the tech- 
niques that are available for maintaining electrical con- 
tinuity across seams. Information on these techniques is 
available in the references. 


There are two kinds of grounds: earth-ground and sig- 
nal ground. The earth is not an equipotential surface, so 
earth ground potential varies. That and its other electri- 
cal properties are not conducive to its use as a return 
conductor in a circuit. However, circuits are often con- 
nected to earth ground for protection against shock 
hazards. The other kind of ground, signal ground, is an 
arbitrarily 
selected reference node in a circuit-the 


node with respect to which other node voltages in the 
circuit are measured. 


The standard 3-wire single-phase AC power distribu- 
tion system is represented in Figure 13. The white wire 
is earth-grounded at the service entrance. If a load cir- 
cuit has a metal enclosure or chassis, and if the black 
wire develops a short to the enclosure, there will be a 
shock hazard to operating personnel, unless the enclo- 
sure itself is earth-grounded. If the enclosure is earth- 
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grounded, a short results in a blown fuse rather than a 
"hot" enclosure. The earth-ground 
connection to the 


enclosure is called a safety ground. The advantage of 
the 3-wire power system is that it distributes a safety 
ground along with the power. 


Note that the safety-ground wire carries no current, 
except in case of a fault, so that at least for low frequen- 
cies it's at earth-ground 
potential 
along its entire 


length. The white wire, on the other hand, may be sev- 
eral volts ofT ground, due to the IR drop along its 
length. 
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Signal ground is a single point in a circuit that is desig- 
nated to be the reference node for the circuit. Common- 
ly, wires that connect to this single point are also re- 
ferred to as "signal ground." In some circles "power 
supply common" or PSC is the preferred terminology 
for these conductors. In any case, the manner in which 
these wires connect to the actual reference point is the 
basis of distinction among three kinds of signal-ground 
wiring methods: series, parallel, and multipoint. These 
methods are shown in Figure 14. 


The series connection is pretty common because it's 
simple and economical. It's the noisiest of the three, 
however, due to common ground impedance coupling 
between the circuits. When several circuits share a 
ground wire, currents from one circuit, flowing through 
the finite impedance of the common ground line, cause 
variations in the ground potential of the other circuits. 
Given that the currents in a digital system tend to be 
spiked, and that the common impedance is mainly in- 
ductive reactance, the variations could be bad enough 
to cause bit errors in high current or particularly noisy 
situations. 


The parallel connection eliminates common ground im- 
pedance problems, but uses a lot of wire. Other disad- 
vantages are that 
the impedance of the individual 


ground lines can be very high, and the ground lines 
themselves can become sources of EMI. 


nULCU 
uy 
U:)Ui~ 
C1~iUUUU 
VUliU;; 
WiLU 
Ul~ 
V411UU;:> 
\,.<l1\,.<UH.;:> 
connected to it by very short ground leads. This type of 
connection would be used mainly in RF circuits above 
10 MHz. 


A combination 
of series and parallel ground-wiring 


methods can be used to trade off economic and the 
various electrical considerations. The idea is to run se- 
ries connections for circuits that have similar noise 
properties, 
and connect them at a single reference 


point, as in the parallel method, as shown in Figure 15. 


In Figure 15, "noisy signal ground" connects to things 
like motors and relays. Hardware ground is the safety 
ground connection to chassis, racks, and cabinets. It's a 
mistake to use the hardware ground as a return path for 
signal currents because it's fairly noisy (for example, 
it's the hardware ground that receives an ESD spark) 
and tends to have high resistance. due to joints and 
seams. 


Multipoint 
Connection 


Figure 14. Three Ways to Wire the Grounds 


C·URRENT 
SIGNAL 
GROUND 


Figure 15. Parallel Connection 


of Series Grounds 


Screws and bolts don't always make good electrical 
connections because of galvanic action, corrosion, and 
dirt. These kinds of connections may work well at first, 
and then cause mysterious maladies as the system ages. 


Figure 16 illustrates a grounding system for a 9-track 
digital tape recorder, showing an application of the se- 
ries/parallel ground-wiring method. 


Figure 17 shows a similar separation of grounds at the 
PCB level. Currents in multiplexed LED displays tend 
to put a lot of noise on the ground and supply lines 
because of the constant switching and changing in- 
volved in the scanning process. The segment driver 
ground is relatively quiet, since it doesn't conduct the 
LED currents. The digit driver ground is noisier, and 
should be provided with a separate path to the PCB 
ground terminal, even if the PCB ground layout is grid- 
ded. The LED feed and return current paths should be 
laid out on opposite sides of the board like parallel flat 
conductors. 


Figure 18shows right and wrong ways to make ground 
connections in racks. Note that the safety ground con- 
nections from panel to rack are made through ground 
straps, not panel screws. Rack I correctly connects sig- 
nal ground to rack ground only at the single reference 
point. Rack 2 incorrectly connects signal ground to 
rack ground at two points, creating a ground loop 
around points I, 2, 3, 4, I. 


Breaking the "electronics ground" connection to point 
I eliminates the ground loop, but leaves signal ground 
in rack 2 sharing a ground impedance with the relative- 
ly noisy hardware ground to the reference point; in fact, 
it may end up using hardware ground as a return path 
for signal and power supply currents. This will proba- 
bly cause more problems than the ground loop. 


Ground impedance problems can be virtually eliminat- 
ed by using braided cable. The reduction in impedance 
is due to skin effect: At higher frequencies the current 
tends to flow along the surface of a conductor rather 
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Figure 18. Electronic 
Circuits 
Mounted 
in Equipment 
Racks Should Have Separate 
Ground 
Connections. 
Rack 1 Shows Correct 
Grounding, 
Rack 2 Shows Incorrect 
Grounding. 


than uniformly 
through 
its bulk. While this effect tends 
to increase the impedance 
of a given conductor, 
it also 
indicates the way to minimize impedance, 
and that is to 


manipulate 
the shape of the cross-section 
so as to pro- 
vide more surface 
area. For its bulk, braided 
cable is 
almost pure surface. 


Power Supply Distribution 
and 


Decoupling 


The main consideration 
for power supply distribution 


lines is, as for signal lines, to minimize the areas of the 
current 
loops. But the power supply 
lines take on an 


importance 
that no signal line has when one considers 
the fact that these lines have access to every PC board 
in the system. The very extensiveness 
of the supply cur- 


rent loops makes it difficult 
to keep loop areas small. 


And, a noise glitch on a supply line is a glitch delivered 
to every board in the system. 


The power 
supply 
provides 
low-frequency 
current 
to 


the load, but the inductance 
of the board-to-board 
and 
chip-to-chip 
distribution 
network 
makes it difficult for 


the power supply 
to maintain 
VCC specs on the chip 


while providing 
the current 
spikes that a digital system 
requires. In addition, 
the power supply current 
loop is a 


very large one, which means there will be a lot of noise 
pick-up. Figure 
19a shows a load circuit trying to draw 


current 
spikes from a supply voltage through 
the line 


impedance. 
To the VCC waveform shown in that figure 
should be added the inductive 
pick-up associated 
with a 


large loop area. 


Adding 
a decoupling 
capacitor 
solves two problems: 
The capacitor 
acts as a nearby source of charge to sup- 
ply the current 
spikes through 
a smaller 
line imped- 
ance, and it defines a much 
smaller 
loop area for the 


higher frequency 
components 
of EMI. This is illustrat- 


ed in Figure 
19b, which shows the capacitor 
supplying 


the current 
spike, during which VCC drops from 5V by 


the amount 
indicated 
in the figure. 
Between 
current 


spikes the capacitor 
recovers 
through 
the line imped- 


ance. 


One should resist the temptation 
to add a resistor or an 


inductor 
to the decoupler 
so as to form a genuine RC or 


LC low-pass 
filter because 
that slows down the speed 


with which the decoupler 
cap can be refreshed. 
Good 


filtering 
and good decoupling 
are not necessarily 
the 


same thing. 


The 
current 
loop for the higher 
frequency 
currents, 


then. 
is defined 
by the decoupling 
cap and the load 


circuit, 
rather 
than by the power supply and the load 


circuit. For the decoupling 
cap to be able to provide the 


current 
spikes required 
by the load, the inductance 
of 


this current 
loop must be kept small, which is the same 


as saying the loop area must be kept small. This is also 
the requirement 
for minimizing 
inductive 
pick-up 
in 


the loop. 


There are two kinds of decoupling 
caps: board 
decou- 


piers and chip decouplers. 
A board decoupler 
will nor- 


mally be a 10 to 100 p.F electrolytic 
capacitor 
placed 


near to where the power supply enters 
the PC board, 


but its placement 
is relatively non-critical. 
The purpose 


of the board 
decoupler 
is to refresh 
the charge 
on the 


chip decouplers. 
The chip decouplers 
are what actually 


provide the current 
spikes to the chips. A chip decou- 


pier will normally 
be a 0.1 to I p.F ceramic 
capacitor 


placed 
near 
the 
chip 
and 
connected 
to the 
chip 
by 


traces that minimize the area of the loop formed by the 
cap and the chip. If a chip decoupler 
is not properly 


placed on the board, it will be ineffective as a decoupler 
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(b) Drawing 
Current 
Spikes 


from a Decoupling 
Capacitor 


Figure 19. What a Decoupling 
Capacitor 
Does 


and will serve only to increase 
the cost of the board. 
Good and bad placement 
of decoupling 
capacitors 
are 
illustrated 
in Figure 20. 


Power distribution 
traces on the PC board need to be 
laid out so as to obtain minimal 
area (minimal 
induc- 
tance) in the loops formed by each chip and its decou- 
pier, and by the chip decouplers 
and the board decou- 


pier. One way to accomplish 
this goal is to use a power 
plane. A power plane is the same as a ground plane, but 
at VCC 
potential. 
More 
economically, 
a power 
grid 


similar to the ground 
grid previously 
discussed (Figure 
8) can be used. Actually, 
if the chip decoupling 
loops 
are small, 
other 
aspects 
of the power 
layout 
are less 
critical. 
In other words, power planes and power grid- 
ding aren't 
needed, but power traces should 
be laid in 


the closest possible proximity 
to ground 
traces, prefer- 


Poo,Placement ~I 


~vcc 


Setter PI.cement 
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The decreased 
area of loop between 
capacitor 
& Ie decreases 
inductance. 


ably so that each power trace is on the direct opposite 
side of the board from a ground 
trace. 


Special-purpose 
power supply distribution 
buses which 


mount on the PCB are available. The buses use a paral- 
lel flat conductor 
configuration, 
one conductor 
being a 


VCC line and the other a ground line. Used in conjunc- 
tion with a gridded 
ground 
layout, they not only pro- 
vide 
a low-inductance 
distribution 
system, 
but 
can 


themselves 
form part of the ground 
grid, thus facilitat- 


ing the PCB layout. 
The buses are available 
with and 
without 
enhanced 
bus capacitance, 
under 
the 
names 


MinilBus@ 
and Q/PAC@ 
from Rogers Corp. (5750 E. 


McKellips, 
Mesa, AZ 85205). 


SELECTING 
THE VALUE 
OF THE 


DECOUPLING 
CAP 


The effectiveness 
of the decoupling 
cap has a lot to do 


with the way the power and ground 
traces connect 
this 
capacitor 
to the chip. In fact, the area formed by this 


loop is more 
important 
than 
the value of the capaci- 
tance. Then, given that the area of this loop is indeed 
minimal, 
it can generally 
be said that 
the larger 
the 
value of the decoupling 
cap, the more effective it is, if 


the cap has a mica, ceramic, 
glass, or polystyrene 
di- 


electric. 


It's often said, and not altogether 
accurately, 
that 
the 


chip decoupler 
shouldn't 
have too large a value. There 
are two reasons 
for this statement. 
One is that 
some 
capacitors, 
because 
of the nature 
of their 
dielectrics, 
tend to become inductive 
or lossy at higher frequencies. 


This is true of electrolytic 
capacitors, 
but mica, glass, 
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al hund~ed MH;. The other reason cited for not using 
too large a capacitance has to do with lead inductance. 


The capacitor with its lead inductance forms a series 
LC circuit. Below the frequency of series resonance, the 
net impedance of the combination is capacitive. Above 
that frequency, the net impedance is inductive. Thus a 
decoupling capacitor is capacitive only below the fre- 
quency of series resonance. The frequency is given by 


I 
fo=-- 
27TJLC 


where C is the decoupling capacitance and L is the lead 
inductance between the capacitor and the chip. On a 
PC board this inductance is determined by the layout, 
and is the same whether the capacitor dropped into the 
PCB holes is 0.001 fLF or I fLF. Thus, increasing the 
capacitance lowers the series resonant frequency. In 
fact, according to the resonant frequency formula, in- 
creasing C by a factor of 100 lowers the resonant fre- 
quency by a factor of 10. 


Figures quoted on the series resonant frequency of a 
0.01 fLF capacitor run from 10 to 15 MHz, depending 
on the lead length. If these numbers were accurate, a 
I fLF capacitor in the same position on the board would 
have a resonant frequency of 1.0 to 1.5 MHz, and as a 
decoupler would do more harm than good. However, 
the numbers are based on a presumed inductance of a 
given length of wire (the lead length). It should be not- 
ed that a "length of wire" has no inductance at all, 
strictly speaking. Only a complete current loop has in- 
ductance, and the inductance depends on the geometry 
of the loop. Figures quoted on the inductance of a 
length of wire are based on a presumably "very large" 
loop area, such that the magnetic field produced by the 
return current has no cancellation effect on the field 
produced by the current in the given length of wire. 
Such a loop geometry is not and should not be the case 
with the decoupling loop. 


Figure 21 shows YCC waveforms, measured between 
pins 40 and 20 (YCC and YSS) of an 8751 CPU, for 
several conditions of decoupling on a PC board that has 
a decoupling loop area slightly larger than necessary. 
These photographs show the effects of increasing the 
decoupling capacitance and decreasing the area of the 
decoupling loop. The indications are that a I fLF capac- 
itor is better than a 0.1 fLF capacitor, which in turn is 
better than nothing, and that the board should have 
been laid out with more attention paid to the area of the 
decoupling loop. 


Figure 21e was obtained using a special-purpose experi- 
mental capacitor designed by Rogers Corp. (Q-Pac Di- 
vision, Mesa, AZ) for use as a decoupler. It consists of 
two parallel plates, the length of a 40-pin DIP, separat- 
ed by a ceramic dielectric. Sandwiched between the 


and the PCB), it makes connection to pins 40 and 20, 
forming a leadless decoupling capacitor. It is obviously 
a configuration of minimal inductance. Unfortunately, 
the particular sample tested had only 0.07 fLF of capac- 
itance and so was unable to prevent the I MHz ripple 
as effectively as the configuration of Figure 21d. It 
seems apparent, though, that with more capacitance 
this part will alleviate a lot of decoupling problems. 


THE CASE 
FOR ON-BOARD 
VOLTAGE 


REGULATION 


To complicate matters, supply line glitches aren't al- 
ways picked up in the distribution networks, but can 
come from the power supply circuit itself. In that case, 
a well-designed distribution network faithfully delivers 
the glitch throughout 
the system. The YCC glitch in 


Figure 22 was found to be coming from within a bench 
power supply in response to the EMP produced by an 
induction coil spark generator that was being used at 
Intel during a study of noise sensitivity. The YCC 
glitch is about 400 mY high and some 20 fLsin dura- 
tion. Normal board decoupling techniques were ineffec- 
tive in removing it, but adding an on-board voltage reg- 
ulator chip did the job. 


Thus, a good case can be made in favor of using a 
voltage regulator chip on each PCB, instead of doing all 
the voltage regulation at the supply circuit. This eases 
requirements on the heat-sinking at the supply circuit, 
and alleviates much of the distribution and board de- 
coupling headaches. However, it also brings in the pos- 
sibility that different boards would be operating at 
slightly different YCC levels due to tolerance in the 
regulator chips; this then leads to slightly different logic 
levels from board to board. The implications of that 
may vary from nothing to latch-up, depending on what 
kinds of chips are on the boards, and how they react to 
an input "high" that is perhaps O.4Yhigher than local 
YCC. 


Recovering 
Gracefully 
from a Software 


Upset 


Even when one follows all the best guidelines for de- 
signing for a noisy environment, it's always possible for 
a noise transient to occur which exceeds the circuit's 
immunity level. In that case, one can strive at least for a 
graceful recovery. 


Graceful recovery schemes involve additional hardware 
and/or software which is supposed to return the system 
to a normal operating mode after a software upset has 
occurred. Two decisions have to be made: How to rec- 
ognize when an upset has occurred, and what to do 
about it. 
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210313-30 
(C) 0.1 JLFDecoupler Stretched Directly 
from Pin 40 to Pin 20, under the Socket. 
(The difference between this and 21b is 
due only to the change in loop geometry. 
Also shown is the upward slope of a ripple 


in VCC. The ripple frequency is 


1 MHz, the same as ALE.) 
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(d) 1.0 JLFDecoupler Stretched Directly 
from Pin 40 to Pin 20, under the Socket. 


(This prevents the 1 MHz ripple, but there's 


no reduction in higher frequency components. 


Further increases in capacitance 
effected no further improvement.) 


*' 
SV 
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(e) Special-Purpose Decoupling Cap 
under Development by Rogers Corp. 


(Further discussion in text.) 


Figure 21. Noise on VCC Line 
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If the designer knows what kinds and combinations of 
outputs can legally be generated by the system, he can 
use gates to recognize and flag the occurrence of an 
illegal state of affairs. The flag can then trigger a jump 
to a recovery routine which then may check or re-ini- 
tialize data, perhaps output an error message, or gener- 
ate a simple reset. 


The most reliable scheme is to use a so-called watchdog 
circuit. Here the CPU is programmed to generate a 
periodic signal as long as the system is executing in- 
structions in an expected manner. The periodic signal is 
then used to hold off a circuit that will trigger a jump to' 
a recovery routine. The periodic signal needs to be AC- 
coupled to the trigger circuit so that a "stuck-at" fault 
won't continue to hold off the trigger. Then, if the proc- 
essor locks up someplace, the periodic signal is lost and 
the watchdog triggers a reset. 


In practice, it may be convenient to drive the watchdog 
circuit with a signal which is being generated anyway 
by the system. One needs to be careful, however, that 
an upset does in fact discontinue that signal. Specifical- 
ly, for example, one could use one of the digit drive 
signals going to a multiplexed display. But display 
scanning is often handled in response to a timer-inter- 
rupt, which may continue operating even though the 
main program is in a failure mode. Even so, with a little 
extra software, the signal can be used to control the 
watchdog (see Reference 8 on this). 


Simpler schemes can work well for simpler systems. 
For example, if a CPU isn't doing anything but scan- 
ning and decoding a keyboard, there's little to lose and 
much to gain by simply resetting it periodically with an 
astable multivibrator. It only takes about 13 p.s (at 6 
MHz) to reset an 8048 if the clock oscillator is already 
running. 


A zero-cost measure is simply to fill all unused pro- 
gram memory with NOPs and JMPs to a recovery rou- 
tine. The effectiveness of this method is increased by 
writing the program in segments that are separated by 


NOPs and JMPs. It's still possible, of course, to get 
hung up in a data table or something. But you get a lot 
of protection, for the cost. 


Further discussion of graceful recovery schemes can be 
found in Reference 13. 


MOS chips have some built-in protection against a stat- 
ic charge build-up on the pins, as would occur during 
normal handling, but there's no protection against the 
kinds of current levels and rise times that occur in a 
genuine electrostatic spark. These kinds of discharges 
can blow a crater in the silicon. 


It must be recognized that connecting CPU pins unpro- 
tected to a keyboard or to anything else that is subject 
to electrostatic discharges makes an extremely fragile 
configuration. Buffering them -isthe very least one can 
do. But buffering doesn't completely solve the problem, 
because then the buffer chips will sustain the damage 
(even TTL); therefore, one might consider mounting 
the buffer chips in sockets for ease of replacement. 


Transient suppressors, such as the TranZorbs® made 
by General Semiconductor 
Industries 
(Tempe, AZ), 


may in the long run provide the cheapest protection if 
their "zero inductance" structure is used. The structure 
and circuit application are shown in Figure 23. 


The suppressor element is a pn junction that operates 
like a Zener diode. Back-to-back units are available for 
AC operation. The element is more or less an open 
circuit at normal system voltage (the standoff voltage 
rating for the device), and conducts like a Zener diode 
at the clamping voltage. 


The lead inductance in the conventional transient sup- 
pressor package makes the conventional package essen- 


inter 


L 
J 


Patent 
Pending 


B 
FUNCTIONAL 
C 
OECODER 


tially 
useless 
for protection 
against 
ESD pulses, 
owing 


to the fast rise of these pulses. 
The 
"zero 
inductance" 
units are available 
singly in a 4-pin DIP, 
and in arrays 
of four 
to a l6-pin 
DIP 
for PCB 
level protection. 
In 


that application 
they should 
be mounted 
in close prox- 
imity 
to the chips they protect. 


In addition, 
metal 
enclosures 
or frames 
or parts 
that 


can 
receive 
an 
ESD 
spark 
should 
be connected 
by 
braided 
cable to the green-wire 
ground. 
Because 
of the 
ground 
impedance, 
ESD 
current 
shouldn't 
be allowed 


to flow through 
any signal ground, 
even if the chips are 
protected 
by transient 
suppressors. 
A 35 kV ESD spark 
can 
always 
spare 
a few hundred 
volts 
to drive 
a fast 


current 
pulse down a signal ground 
line if it can't find a 


braided 
cable to follow. Think 
how delighted 
your 8048 
will be to find its VSS pin 250V higher 
than VCC for a 


few IDs of nanoseconds. 


The automobile 
presents 
an extremely 
hostile 
environ- 


ment 
for electronic 
systems. 
There 
are several 
parts 
to 
it: 


I. Temperature 
extremes 
from 
-40°C 
to + 125°C (un- 


der the hood) 
or + 85°C (in the passenger 
compart- 


ment) 


2. Electromagnetic 
pulses from the ignition 
system 


3. Supply 
line transients 
that will knock 
your socks off 


One needs to take a long, careful 
look at the tempera- 
ture extremes. 
The allowable 
storage 
temperature 
range 
for most 
Intel 
MOS 
chips 
is -65°C 
to 
+ l50·C, 
al- 


though 
some chips 
have a maximum 
storage 
tempera- 


ture 
rating 
of + 125°C. In operation 
(or "under 
bias," 
as the data 
sheets 
say) the allowable 
ambient 
tempera- 


ture range 
depends 
on the product 
grade, 
as follows: 


Grade 
Ambient 
Temperature 


Min 
Max 


Commercial 
0 
70 


Industrial 
-40 
+85 


Automotive 
-40 
+ 110 


Military 
-55 
+125 


The 
different 
product 
grades 
are 
actually 
the 
same 


chip, but tested 
according 
to different 
standards. 
Thus, 
a given commercial-grade 
chip might 
actually 
pass mil- 


itary temperature 
requirements, 
but not have been test- 


ed for it. (Of course, 
there are other differences 
in grad- 


ing requirements 
having 
to do with packaging, 
bum-in, 


traceability, 
etc.) 


In any case, it's apparent 
that 
commercial-grade 
chips 


can't 
be used 
safely 
in automotive 
applications, 
not 


even 
in the 
passenger 
compartment. 
Industrial-grade 
chips 
can be used in the passenger 
compartment, 
and 


automotive 
or military 
chips are required 
in under-the- 


hood applications. 


Ignition 
noise, 
CB radios, 
and 
that 
sort 
of thing 
are 


probably 
the least of your worries. 
In a poorly 
designed 
system, 
or in one that 
has not been adequately 
tested 


for 
the 
automotive 
environment, 
this 
type 
of 
EMI 


might 
cause 
a few software 
upsets, 
but 
not 
destroy 


chips. 


The major 
problem, 
and the one that seems to come as 
the 
biggest 
surprise 
to most 
people, 
is the 
line tran- 
sients. 
Regrettably, 
the 
l2V battery 
is not actually 
the 
source 
of power 
when the car is running. 
The charging 
system 
is, and 
it's not 
very clean. 
The 
only 
time 
the 


battery 
is the real source 
of power 
is when 
the car is 


first 
being 
started, 
and 
in that 
condition 
the 
battery 


terminals 
may be delivering 
about 
5V or 6V. As follows 


is a brief description 
of the major 
idiosyncracies 
of the 
"12V" 
automotive 
power 
line. 
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• An abrupt reduction in the alternator load causes a 


positive voltage transient called "load dump." In a 
load dump transient the line voltage rises to 20V or 
30V in a few !Jos,then decays exponentially with a 
time constant of about 100 !Jos,as shown in Figure 
24. Much higher peak voltages and longer decay 
times have also been reported. The worst case load 
dump is caused by disconnecting a low battery from 
the alternator circuit while the alternator is running. 
Normally this would happen intermittently 
when 


the battery terminal connections are defective. 


• When the ignition is turned off, as the field excita- 


tion decays, the line voltage can go to between 
-40Vand 
-IOOV for 100 !Josor more. 
• Miscellaneous solenoid switching transients, such as 


the one shown in Figure 25, can drive the line to + 
or - 200V to 400V for several !Jos. 


OSEe. 
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• Mutual coupling between unshie1ded wires in long 


harnesses can induce lOOVand 200V transients in 
unprotected circuits. 


What all this adds up to is that people in the business of 
building systems for automotive applications need a 
comprehensive 
testing program. 
An SAE guideline 


which describes the automotive environment is avail- 
able to designers: SAE 11211, "Recommended 
Envi- 


ronmental Practices for Electronic Equipment Design," 
1980 SAE Handbook, Part 1, pp. 22.80-22.96. 


Some suggestions for protecting circuitry are shown in 
Figure 26. A transient suppressor is placed in front of 
the regulator chip to protect it. Since the rise times in 
these transients are not like those in ESD pulses, lead 
inductance is less critical and conventional devices can 
be used. The regulator itself is pretty much of a necessi- 
ty, since a load dump transient is simply not going to be 
removed by any conventional LC or RC filter. 
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Special 
I/O 
interfacing 
is also required, 
because 
of the 


need 
for 
high 
tolerance 
to 
voltage 
transients, 
input 


noise, input/output 
isolation, 
etc. In addition, 
switches 
that are being monitored 
or driven 
by these buffers 
are 


usually 
referenced 
to chassis 
ground 
instead 
of signal 


ground, 
and in a car there can be many volts difference 


between 
the two. I/O 
interfacing 
is discussed 
in Refer- 


ence 2. 


The 
EMC 
Education 
committee 
has available 
a video 


tape: 
"Introduction 
to 
EMC-A 
Video 
Training 


Tape," 
by Henry 
Otto Don 
White 
Consultants 
offers a 


series of training 
courses 
on many 
different 
aspects 
of 


electromagnetic 
compatibility. 
Most organizations 
that 
sponsor 
EMC 
courses 
also offer in-plant 
presentations. 


The 
main 
sources 
of information 
for this Application 


Note 
were the references 
by Ott and by White. 
Refer- 


ence 5 is probably 
the finest treatment 
currently 
avail- 


able on the subject. 
The other 
references 
provided 
spe- 


cific information 
as cited in the text. 


Courses 
and seminars 
on the subject 
of electromagnetic 
interference 
are 
given 
regularly 
throughout 
the 
year. 


Information 
on these can be obtained 
from: 


IEEE 
Electromagnetic 
Compatibility 
Society 


EMC 
Education 
Committee 
345 East 47th Street 
New York, 
NY 
10017 


Don White 
Consultants, 
Inc. 
International 
Training 
Centre 
P.O. Box D 
Gainesville, 
VA 22065 
Phone: 
(703) 347-0030 
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Intel's 
microcontroller 
families 
(MCS®-48, 
MCS®-51, 


and 
iACX-96) 
contain 
a circuit 
that 
is commonly 
re- 


ferred 
to as the "on-chip 
oscillator". 
The on-chip 
cir- 


cuitry 
is not itself an oscillator, 
of course, 
but an ampli- 


fier that 
is suitable 
for use as the amplifier 
part 
of a 


feedback 
oscillator. 
The data sheets and Microcontoller 


Handbook 
show how the on-chip 
amplifier 
and several 


off-chip 
components 
can be used to design 
a working 


oscillator. 
With 
proper 
selection 
of off-chip 
compo- 


nents, 
these oscillator 
circuits 
will perform 
better 
than 


almost 
any other type of clock oscillator, 
and by almost 


any criterion 
of excellence. 
The suggested 
circuits 
are 


simple, 
economical, 
stable, 
and reliable. 


We offer assistance 
to our customers 
in selecting 
suit- 


able off-chip 
components 
to work with the on-chip 
os- 


cillator 
circuitry. 
It should 
be noted, 
however, 
that In- 


tel cannot 
assume 
the responsibility 
of writing 
specifi- 


cations 
for the off-chip 
components 
of the complete 
os- 


cillator 
circuit, 
nor of guaranteeing 
the performance 
of 


the finished 
design in production, 
anymore 
than a tran- 


sistor 
manufacturer, 
whose data sheets show a number 


of suggested 
amplifier 
circuits, 
can assume 
responsibili- 


ty for the operation, 
in production, 
of any of them. 


We are often 
asked 
why we don't 
publish 
a list of re- 


quired 
crystal 
or ceramic 
resonator 
specifications, 
and 


recommend 
values 
for the other 
off-chip 
components. 
This 
has 
been 
done 
in the 
past, 
but 
sometimes 
with 


consequences 
that 
were not intended. 


Suppose 
we suggest 
a maximum 
crystal 
resistance 
of 30 


ohms for some given frequency. 
Then your crystal 
sup- 


plier 
tells 
you 
the 
30-ohm 
crystals 
are 
going 
to cost 


twice 
as much 
as 50-ohm 
crystals. 
Fearing 
that 
Intel 


will not 
"guarantee 
operation" 
with 
50-ohm 
crsytals, 


you order 
the expensive 
ones. In fact, Intel 
guarantees 


only what is embodied 
within 
an Intel product. 
Besides, 


there 
is no 
reason 
why 
50-ohm 
crystals 
couldn't 
be 


used, if the other 
off-chip 
components 
are suitably 
ad- 


justed. 


Should 
we recommend 
values 
for 
the 
other 
off-chip 


components? 
Should 
we do it for 50-ohm crystals 
or 30- 


ohm crystals? 
With respect 
to what should 
we optimize 


their 
selection? 
Should 
we minimize 
start-up 
time 
or 


maximize 
frequency 
stability? 
In many 
applications, 
neither 
start-up 
time nor frequency 
stability 
are partic- 


ularly critical, 
and our "recommendations" 
are only re- 


stricting 
your 
system 
to unnecessary 
tolerances. 
It all 


depends 
on the application. 


Although 
we will neither 
"specify" 
nor "recommend" 
specific 
off-chip 
components, 
we do offer assistance 
in 


these tasks. 
Intel 
application 
engineers 
are available 
to 


provide 
whatever 
technical 
assistance 
may be needed 
or 


desired 
by our customers 
in designing 
with Intel 
prod- 


ucts. 


This Application 
Note 
is intended 
to provide 
such 
as- 


sistance 
in the 
design 
of oscillator 
circuits 
for micro- 
controller 
systems. 
Its purpose 
is to describe 
in a practi- 


cal manner 
how oscillators 
work, 
how crystals 
and ce- 


ramic 
resonators 
work 
(and 
thus 
how 
to spec them), 


and what the on-chip 
amplifier 
looks like electronically 


and 
what 
its operating 
characteristics 
are. 
A BASIC 


program 
is provided 
in Appendix 
II to assist 
the de- 
signer in determining 
the effects of changing 
individual 


parameters. 
Suggestions 
are provided 
for establishing 
a 


pre-production 
test program. 


Figure 
I shows an amplifier 
whose output 
line goes into 


some passive network. 
If the input signal to the amplifi- 
er is v" 
then the output 
signal from the amplifer 
is v2 


= AVI and the output 
signal from the passive network 


is v3 = I3v2 = I3Avl' 
Thus 
I3A is the overall 
gain 


from terminal 
I to terminal 
3. 


Now connect 
terminal 
I to terminal 
3, so that 
the sig- 


nal path forms a loop: 
I to 2 to 3, which is also I. Now 


we have 
a feedback 
loop, 
and 
the 
gain 
factor 
I3A is 


called 
the loop gain. 


Gain 
factors 
are complex 
numbers. 
That 
means 
they 


have 
a magnitude 
and 
a phase 
angle, 
both 
of which 


vary with frequency. 
When 
writing 
a complex 
number, 


one must specify both quantities, 
magnitude 
and angle. 


A number 
whose magnitude 
is 3, and whose angle is 45 


degrees is commonly 
written 
this way: 3L45·. The num- 


ber I is, in complex 
number 
notation, 
ILO·, while 
-I 
is 


ILI80·. 


By closing 
the feedback 
loop in Figure 
I, we force the 


equality 
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In a given circuit, either or both of the solutions may be 
in effect. In the first solution the circuit is quiescent (no 
output signal). If you're trying to make an oscillator, a 
no-signal condition is unacceptable. There are ways to 
guarantee that the second solution is the one that will 
be in effect, and that the quiescent condition will be 
excluded. 


A feedback oscillator amplifies its own noise and feeds 
it back to itself in exactly the right phase, at the oscilla- 
tion frequency, to build up and reinforce the desired 
oscillations. Its ability to do that depends on its loop 
gain. First, oscillations can occur only at the frequency 
for which the loop gain has a phase angle of 0 degrees. 
Second build-up of oscillations will occur only if the 
loop gain exceeds 1 at the frequency. Build-up contin- 
ues until nonlinearities in the circuit reduce the average 
value of the loop gain to exactly I. 


Start-up 
characteristics 
depend 
on the small-signal 


properties of the circuit, specifically, the small-signal 
loop gain. Steady-state characteristics of the oscillator 
depend on the large-signal properties of the circuit, 
such as the transfer curve (output voltage vs. input 
voltage) of the amplifier, and the clamping effect of the 
input protection devices. These things will be discussed 
more fully further on. First we will look at the basic 
operation of the particular oscillator circuit, called the 
"positive reactance" oscillator. 


Figure 2 shows the configuration of the positive reac- 
tance oscillator. The inverting amplifier, working into 
the impedance of the feedback network, produces an 
output signal that is nominally 180degrees out of phase 
with its input. The feedback network must provide an 
additional 180degrees phase shift, such that the overall 
loop gain has zero (or 360) degrees phase shift at the 
oscillation frequency. 


In order for the loop gain to have zero phase angle it is 
necessary that the feedback element Zf have a positive 
reactance. That is, it must be inductive. Then, the fre- 
quency at which the phase angle is zero is approximate- 
ly the frequency at which 


+1 
Xf=-wC 


where Xf is the reactance of Zr (the total Zf being Rf + 
jXf, and C is the series combination of CXt and CX2. 


C = 
CX1 CX2 


CX1 + CX2 


In other words, Zr and C form a parallel resonant cir- 
cuit. 


If Zr is an inductor, then Xf = wL, and the frequency 
at which the loop gain has zero phase is the frequency 
at which 


1 
wL=-wC 


1 
w = .J[C 


Normally, Zr is not an inductor, but it must still have a 
positive reactance in order for the circuit to oscillate. 
There are some piezoelectric devices on the market that 
show a positive reactance, and provide a more stable 
oscillation frequency than an inductor 
will. Quartz 


crystals can be used where the oscillation frequency is 
critical, and lower cost ceramic resonators can be used 
where the frequency is less critical. 


When the feedback element is a piezoelectric device, 
this circuit configuration is called a Pierce oscillator. 
The advantage of piezoelectric resonators lies in their 
property of providing a wide range of positive reactance 
values over a very narrow range of frequencies. The 
reactance will equal 11wC at some frequency within 
this range, so the oscillation frequency will be within 
the same range. Typically, the width of this range is 
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only 0.3% of the nominal frequency of a quartz crystal, 
and about 3% of the nominal frequency of a ceramic 
resonator. With relatively little design effort, frequency 
accuracies of 0.03% or better can be obtained with 
quartz crystals, and 0.3% or better with ceramic reso- 
nators. 


The crystal resonator is a thin slice of quartz sand- 
wiched between two electrodes. Electrically, the device 
looks pretty much like a 5 or 6 pF capacitor, except 
that over certain ranges of frequencies the crystal has a 
positive (Le., inductive) reactance. 


The ranges of positive reactance originate in the piezo- 
electric property of quartz: Squeezing the crystal gener- 
ates an internal E-field. The effect is reversible: Apply- 
ing an AC E-field causes the crystal to vibrate. At cer- 
tain vibrational frequencies there is a mechanical reso- 
nance. As the E-field frequency approaches a frequency 
of mechanical resonance, the measured reactance of the 
crystal becomes positive, as shown in Figure 3. 
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Typically there are several ranges of frequencies where- 
in the reactance of the crystal is positive. Each range 
corresponds to a different mode of vibration in the crys- 
tal. The main resonsances are the so-called fundamen- 
tal response and the third and fifth overtone responses. 


The overtone responses shouldn't be confused with the 
harmonics of the fundamental. They're not harmonics, 
but different vibrational modes. They're not in general 
at exact integer multiples of the fundamental frequency. 
There will also be "spurious" responses, occurring typi- 
cally a few hundred KHz above each main response. 


To assure that an oscillator starts in the desired mode 
on power-up, something must be done to suppress the 
loop gain in the undesired frequency ranges. The crys- 
tal itself provides some protection against unwanted 
modes of oscillation; too much resistance in that mode, 
for example. Additionally, junction capacitances in the 
amplifying devices tend to reduce the gain at higher 
frequencies, and thus may discriminate against unwant- 
ed modes. In some cases a circuit fix is necessary, such 
as inserting a trap, a phase shifter, or ferrite beads to 
kill oscillations in unwanted modes. 


Figure 4 shows an equivalent circuit that is used to 
represent the crystal for circuit analysis. 


The RI-LI-Cl 
branch is called the motivational arm of 


the crystal. The values of these parameters derive from 
the mechanical properties of the crystal and are con- 
stant for a given mode of vibration. Typical values for 
various nominal frequencies are shown in Table 1. 
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Figure 4. Quartz Crystal: Symbol 
and 
Equivalent 
Circuit 


Co is called the shunt capacitance of the crystal. This is 
the capacitance of the crystal's electrodes and the me- 
chanical holder. If one were to measure the reactance of 
the crystal at a freuqency far removed from a resonance 
frequency, it is the reactance of this capacitance that 
would be measured. It's normally 3 to 7 pF. 


Table 
1. Typical 
Crystal 
Parameters 


Frequency 
R1 
L1 
C1 
Co 


MHz 
ohms 
mH 
pF 
pF 


2 
100 
520 
0.012 
4 


4.608 
36 
117 
0.010 
2.9 


11.25 
19 
8.38 
0.024 
5.4 
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LHe 
lre- 
quency 
at which 
LI and CI are in resonance. 
This fre- 
quency 
is given by 


1 
fs=--- 
27TJL1Cl 


At this frequency 
the impedance 
of the crystal 
is RI in 
parallel 
with 
the reactance 
of Co. For 
most 
purposes, 


this impedance 
is taken 
to be just 
R J, since the reac- 


tance 
of Co is so much 
larger 
than 
R I. 


A crystal 
oscillator 
circuit 
such 
as the 
one shown 
in 


Figure 
2 (redrawn 
in Figure 
5) operates 
at the frequen- 


cy for which 
the crystal 
is anti resonant 
(ie, parallel-res- 


onant) 
with the total capacitance 
across the crystal 
ter- 


minals 
external 
to the 
crystal. 
This 
total 
capacitance 


external 
to the crystal 
is called 
the load capacitance. 


CX1 
CX2 
CL = C 
+ C 
+ Cstray 


X1 
X2 


The 
crystal 
manufacturer 
needs 
to know 
the value 
of 


CL in order 
to adjust 
the crystal 
to the specified 
fre- 


quency. 
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The 
adjustment 
involves 
putting 
the 
crystal 
in series 
with the specified 
CL, and then "trimming" 
the crystal 


to obtain 
resonance 
of the 
series 
combination 
of the 


crystal 
and 
CL at the specified 
frequency. 
Because 
of 


the high Q of the crystal, 
the resonant 
frequency 
of the 
series combination 
of the crystal 
and CL is the same as 


me anti resonant 
trequency 
of the parallel 
combination 


of the crystal 
and CL' This frequency 
is given by 


1 
fa = ---============= 
27TJL1 Cl (CL + Col/IC1 + CL + Col 


These 
frequency 
formulas 
are derived 
(in Appendix 
A) 


from the equivalent 
circuit 
of the crystal, 
using the as- 
sumptions 
that 
the Q of the crystal 
is extremely 
high, 


and that the circuit 
external 
to the crystal 
has no effect 


on the frequency 
other than to provide 
the load capaci- 


tance 
CL. The 
latter 
assumption 
is not precisely 
true, 


but it is close enough 
for present 
purposes. 


There 
is no such 
thing 
as a "series 
cut" 
crystal 
as op- 


posed 
to a "parallel 
cut" 
crystal. 
There 
are different 
cuts of crystal, 
having 
to do with the parameters 
of its 


motional 
arm in various 
frequency 
ranges, 
but there 
is 


no special cut for series or parallel 
operation. 


An 
oscillator 
is series 
resonant 
if the 
oscillation 
fre- 


quency 
is fs of the crystal. 
To operate 
the crystal 
at fs, 


the 
amplifier 
has to be noninverting. 
When 
buying 
a 


crystal 
for such 
an oscillator, 
one does 
not 
specify 
a 


load capacitance. 
Rather, 
one specifies the loading 
con- 


dition 
as "series." 


If a "series" 
crystal 
is put into an oscillator 
that has an 


inverting 
amplifier, 
it will oscillate 
in parallel 
resonance 


with 
the load 
capacitance 
presented 
to the crystal 
by 


the oscillator 
circuit, 
at a frequency 
slightly 
above fs. In 


fact, at approximately 


fa = fs (1 + 
C1 
) 


2(CL + Col 


This frequency 
would 
typically 
be about 
0.02% 
above 


fs· 


The 
"series 
resistance" 
often 
listed 
on quartz 
crystal 


data 
sheets 
is the real part 
of the crystal 
impedance 
at 


the crystal's 
calibration 
frequency. 
This 
will be Rl 
if 


the calibration 
frequency 
is the series resonant 
frequen- 


cy of the crystal. 
If the crystal 
is calibrated 
for parallel 


resonance 
with 
a load capacitance 
CL, 
the equivalent 
series resistance 
will be 


( 
CO)2 
ESR = Rl 
1 + CL 


The 
crystal 
manufacturer 
measures 
this 
resistance 
at 


the calibration 
frequency 
during 
the same operation 
in 


which the crystal 
is adjusted 
to the calibration 
frequen- 
cy. 


Frequency tolerance as discussed here is not a require- 
ment on the crystal, but on the complete oscillator. 
There are two types of frequency tolerances on oscilla- 
tors: frequency acccuracy 
apd frequency stability. 
Fre- 


quency accuracy refers to the oscillator's ability to run 
at an exact specified frequency. Frequency stability reo 
fers to the constancy of the oscillation frequency. 


Frequency accuracy requires mainly that the oscillator 
circuit present to the crystal the same load capacitance 
that it was adjusted for. Frequency stability requires 
mainly that the load capacitance be constant. 


In most digital applications the accuracy and stability 
requirements on the oscillator are so wide that it makes 
very little difference what load capacitance the crystal 
was adjusted to, or what load capacitance the circuit 
actually presents to the crystal. For example, if a crys- 
tal was calibrated to a load capacitance of 25 pF, and is 
used in a circuit whose actual load capacitance is 50 pF, 
the frequency error on that account would be less than 
0.01%. 


In a positive reactance oscillator, the crystal only needs 
to be in the intended response mode for the oscillator to 
satisfy a 0.5% or better frequency tolerance. That's be- 
cause for any load capacitance the oscillation frequency 
is certain to be between the crystal's resonant and anti- 
resonant frequencies. 


Phase shifts that take place within the amplifier part of 
the oscillator will also affect frequency accuracy and 
stability. These phase shifts can normally be modeled as 
an "output capacitance" that, in the positive reactance 
oscillator, parallels CX2' The predictability and con- 
stancy of this output capacitance over temperature and 
device sample will be the limiting factor in determining 
the tolerances that the circuit is capable of holding. 


Drive level refers to the power dissipation in the crys- 
tal. There are two reasons for specifying it. One is that 
the parameters in the equivalent circuit are somewhat 
dependent on the drive level at which the crystal is 
calibrated. The other is that if the application circuit 
exceeds the test drive level by too much, the crystal 
may be damaged. Note that the terms "test drive level" 
and "rated drive level" both refer to the drive level at 
which the crystal is calibrated. Normally, in a micro- 
controller system, neither the frequency tolerances nor 
the power levelsjustify much concern for this specifica- 
tion. Some crystal manufacturers don't even require it 
for microprocessor crystals. 


in a pUSlUvereacrance USClIIawr,11 one assumes we 
peak voltage across the crystal to be something in the 
neighborhood of Vcc, the power dissipation can be ap- 
proximated as 


This formula is derived in Appendix A. In a 5V system, 
P rarely evaluates to more than a milliwatt. Crystals 
with a standard 
I or 2 mW drive level rating can be 


used in most digital systems. 
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Figure 6. Ceramic 
Resonator 
Impedance 
vs. 


Frequency 
(Test Data Supplied 
by NTK 
Technical 
Ceramics) 


Ceramic resonators operate on the same basic princi- 
ples as a quartz crsytal. Like quartz crsytals, they are 
piezoelectric, have a reactance versus frequency curve 
similar to a crystal's, and an equivalent circuit that 
looks just like a crystal's (with different parameter val- 
ues, however). 


The frequency tolerance of a ceramic resonator is about 
two orders of magnitude wider than a crystal's, but the 
ceramic is somewhat cheaper than a crystal. It may be 
noted for comparison that quartz crystals with relaxed 
tolerances cost about twice as much as ceramic resona- 
tors. For purposes of clocking a microcontroller, 
the 


frequency tolerance is often relatively noncritical, and 
the economic consideration becomes the dominant fac- 
tor. 


Figure 6 shows a graph of impedance magnitude versus 
frequency for a 3.58 MHz ceramic resonator. (Note 
that Figure 6 is a graph of Izrl versus frequency, where 


inter 


as Figure 
3 is a graph of Xf versus frequency.) 
A num- 


ber of spurious 
responses are apparent 
in Figure 6. The 


manufacturers 
state that 
spurious 
responses 
are more 


prevalent 
in 
the 
lower 
frequency 
resonators 
(kHz 


range) than in the higher frequency 
units (MHz range). 
For our purposes only the MHz range ceramics need to 
be considered. 
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Figure 7. Ceramic 
Resonator: 
Symbol and 
Equivalent 
Circuit 


Figure 
7 shows the symbol and equivalent 
circuit 
for 


the ceramic 
resonator, 
both of which are the same as 
for the crystal. 
The parameters 
have different 
values, 


however, 
as listed in Table 2. 


Frequency 
R1 
L1 
C1 
Co 


MHz 
ohms 
mH 
pF 
pF 


3.58 
7 
0.113 
19.6 
140 


6.0 
8 
0.094 
8.3 
60 


8.0 
7 
0.092 
4.6 
40 


11.0 
10 
0.057 
3.9 
30 


Note that 
the motional 
arm of the ceramic 
resonator 


tends to have less resistance than the quartz crystal and 
also a vastly reduced 
Lj/Cj 
ratio. This results 
in the 


motional 
arm having a Q (given by (IIRj) 
~Lj/Cl) 
that 


is typically two orders of magnitude 
lower than that of 


a quartz crystal. The lower Q makes for a faster startup 
of the oscilaltor 
and for a less closely controlled 
fre- 


quency (meaning 
that circuitry 
external 
to the resona- 


tor will have more influence on the frequency than with 
a quartz 
crystal). 


Another 
major difference is that the shunt capacitance 


of the ceramic resonator 
is an order of magnitude 
high- 


er than Co of the quartz crystal and more dependent 
on 


the frequency 
of the resonator. 


The implications 
of these differences 
are not all obvi- 
ous, but some will be indicated 
in the section on Oscil- 


lator Calculations. 


Ceramic 
resonators 
are easier 
to specify than 
quartz 
crystals. 
All the vendor 
wants 
to know is the desired 


frequency 
and 
the 
chip 
you 
want 
it to work 
with. 


They'll 
supply the resonators, 
a circuit 
diagram 
show- 


ing the positions 
and values of other 
external 
compo- 


nents 
that 
may be required 
and a guarantee 
that 
the 


circuit will work properly 
at the specified frequency. 


OSCILLATOR 
DESIGN 
CONSIDERATIONS 


Designers of microcontroller 
systems have a number 
of 


options 
to choose 
from for clocking 
the system. 
The 


main decision is whether to use the "on-chip" 
oscillator 


or an external 
oscillator. 
If the choice is to use the on- 


chip oscillator, 
what kinds of external 
components 
are 


needed to make it operate as advertised? 
If the choice is 


to use an external 
oscillator, 
what 
type 
of oscillator 


should it be? 


The decisions have to be based on both economic 
and 


technical 
requirements. 
In 
this 
section 
we'll 
discuss 
some of the factors that should be considered. 
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In most cases, the on-chip amplifier 
with the appropri- 
ate external 
components 
provides the most economical 
solution to the clocking problem. 
Exceptions 
may arise 


in severe environments 
when frequency 
tolerances 
are 


tighter 
than about 0.01 %. 


The external 
components 
that need to be added are a 


positive reactance 
(normally 
a crystal 
or ceramic 
reso- 
nator) and the two capacitors 
CXl and CX2, as shown 


in Figure 
8. 


Specifications 
for an appropriate 
crystal 
are not very 
critical, unless the frequency 
is. Any fundamental-mode 


crystal of medium 
or better quality can be used. 
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We are often asked what maximum crystal resistance 
should be specified. The best answer to this question is 
the lower the better, but use what's available. The crys- 
tal resistance will have some effect on start-up time and 
steady-state amplitude, but not so much that it can't be 
compensated for by appropriate selection of the capaci- 
tances CX! and CX2' 


Similar questions are asked about specifications of load 
capacitance and shunt capacitance. The best advice we 
can give is to understand what these parameters mean 
and how they affect the operation of the circuit (that 
being the purpose of this Application Note), and then 
decide for yourself if such specifications are meaningful 
in your application or not. Normally, they're not, un- 
less your frequency tolerances are tighter than about 
0.1%. 


Part of the problem is that crystal manufacturers are 
accustomed to talking "ppm" tolerances with radio en- 
gineers and simply won't take your order until you've 
filled out their list of specifications. It will help if you 
define your actual frequency tolerance requirements, 
both for yourself and to the crystal manufacturer. 
Don't pay for 0.003% crystals if your actual frequency 
tolerance is 1%. 


The oscillation frequency is determined 99.5% by the 
crystal and up to about 0.5% by the circuit external to 
the crystal. The on-chip amplifier has little effect on the 
frequency, which is as it should be, since the amplifier 
parameters are temperature and process dependent. 


The influence of the on-chip amplifier on the frequency 
is by means of its input and output (pin-to-ground) ca- 
pacitances, 
which parallel 
CX! and 
CX2, and 
the 


XTALl-to-XTAL2 
(pin-to-pin) 
capacitance, 
which 


parallels the crystal. The input and pin-to-pin capaci- 
tances are about 7 pF each. Internal phase deviations 
from the nominal 180· can be modeled as an output 
capacitance of 25 to 30 pF. These deviations from the 
ideal have less effect in the positive reactance oscillator 
(with the inverting amplifer) than in a comparable se- 
ries resonant oscillator (with the noninverting amplifi- 
er) for two reasons: first, the effect of the output capaci- 
tance is lessened, if not swamped, by the off-chip capac- 
itor; secondly, the positive reactance oscillator is less 
sensitive, frequency-wise, to such phase errors. 


Optimal values for the capacitors CX! and CX2 depend 
on 
whether 
a 
quartz 
crystal 
or 
ceramic 
resona- 


tor is being used, and also on application-specific re- 
quirements on start-up time and frequency tolerance. 


Start-up time is sometimes more critical in microcon- 
troller systems than frequency stability, because of vari- 
ous reset and initialization requirements. 


Less commonly, accuracy of the oscillator frequency is 
also critical, for example, when the oscillator is being 
used as a time base. As a general rule, fast start-up and 
stable frequency tend to pull the oscillator design in 
opposite directions. 


Considerations of both start-up time and frequency sta- 
bility over temperature 
suggest that 
CX! and CX2 


should be about equal and at least 20 pF. (But they 
don't have to be either.) Increasing the value of these 
capacitances above some 40 or 50 pF improves frequen- 
cy stability. It also tends to increase the start-up time. 
There is a maximum value (several hundred pF, de- 
pending on the value of Rl of the quartz or ceramic 
resonator) above which the oscillator won't start up at 
all. 


If the on-chip amplifier is a simple inverter, such as in 
the 8051, the user can select values for CX! and CX2 
between some 20 and 100 pF, depending on whether 
start-up time or frequency stability is the more critical 
parameter in a specific application. If the on-chip am- 
plifier is a Schmitt Trigger, such as in the 8048, smaller 
values of CX! must be used (5 to 30 pF), in order to 
prevent the oscillator from running in a relaxation 
mode. 


Later sections in this Application Note will discuss the 
effects of varying CX! and CX2 (as well as other param- 
eters), and will have more to say on their selection. 


Noise glitches arriving at XTALI or XTAL2 pins at 
the wrong time can cause a miscount in the internal 
clock-generating circuitry. These kinds of glitches can 
be produced through capacitive coupling between the 
oscillator components and PCB traces carrying digital 
signals with fast rise and fall times. For this reason, the 
oscillator components should be mounted close to the 
chip and have short, direct traces to the XTALl, 
XTAL2, and VSS pins. 


There are times when it would be desirable to use the 
on-chip oscillator to clock other chips in the system. 
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Figure 9. Using the On-Chip Oscillator 
to Drive Other Chips 


This can be done if an appropriate buffer is used. A 
TTL buffer puts too much load on the on-chip amplifi- 
er for reliable start-up. A CMOS buffer (such as the 
74HC04) can be used, if it's fast enough and if its VIH 
and VIL specs are compatible with the available signal 
amplitudes. Circuits such as shown in Figure 9 might 
also be considered for these types of applications. 


Clock-related signals are available at the TO pin in the 
MCS-48 products, at ALE in the MCS-48 and MCS-51 
lines, and the iACX-96 controllers provide a CLKOUT 
signal. 


When technical requirements dictate the use of an ex- 
ternal oscillator, the external drive requirements for the 
microcontroller, as published in the data sheet, must be 
carefully noted. The logic levels are not in general TTL- 
compatible. And each controller has its idiosyncracies 
in this regard. The 8048, for example, requires that 
both XTALI and XTAL2 be driven. The 8051 can be 
driven that way, but the data sheet suggest the simpler 
method of grounding XTALI and driving XTAL2. For 
this method, the driving source must be capable of sink- 
ing some current when XTAL2 is being driven low. 


For the external oscillator itself, there are basically two 
choices: ready-made and home-grown. 


intJ 


TTL Crystal 
Clock Oscillator 


The HS-lOO,HS-200, & HS-500 all-metal package se- 
ries of oscillators are TIL 
compatible & fit a DIP 


layout. Standard electrical specifications are shown 
below. Variations are available for special applica- 
tions. 
Frequency Range: HS-IOQ-3.5 MHz to 30 MHz 
HS-2OQ-225 KHz to 3.5 MHz 
HS-5OQ-25 MHz to 60 MHz 


Hermetically 
Sealed 
Package 
Mass spectrometer leak rate max. 
I X 10-8 atmos. cc/sec. of helium 


INPUT 


HS-100 
HS-200 
HS-500 


3.5 MHz-20 MHz 
20 + MHz-30 MHz 
225 KHz-4.0 MHz 
25 MHz-60 MHz 


Supply Voltage 
(Vcd 
5V ±10% 
5V ±10% 
5V ±10% 
5V ±10% 


Supply Current 
(Icd max. 
30mA 
40mA 
85mA 
50mA 


OUTPUT 


HS-100 
HS-200 
HS-500 


3.5 MHz-20 MHz 
20 + MHz-30 MHz 
225 KHz-4.0 MHz 
25 MHz-60 MHz 


VOH(Logic "1") 
+2.4Vmin.1 
+2.7V min.2 
+2.4V min.1 
+2.7V min.2 
VOL(Logic "0") 
+O.4V max.3 
+0.5V max.4 
+O.4V max.3 
+0.5V max.4 
Symmetry 
60/40%5 
60/40%5 
55/45%5 
60/40%5 
TR. TF (Rise & 
Fall Time) 
< 10 ns6 
< 5 ns6 
< 15 ns6 
< 5 ns6 
Output Short 
Circuit Current 
18 mA min. 
40 mA min. 
18 mA min. 
40 mA min. 
Output Load 
1 to 10 TTL Loads7 
1 to 10 TTL Loads8 
1 to 10 TTL Loads7 
1 to 10 TTL Loads8 


CONDITIONS 
110source = - 400 p.Amax. 
410 sink = 20.00 mA max. 
71.6 mA per load 


210source = -1.0 
mA max. 
5Vo = 1.4V 
82.0 mA per load 


310sink = 16.0 mA max. 
6(0.4V to 2.4V) 


'Reprinted withthe permissionof ©Midland-RossCorporation1982. 
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Prepackaged oscillators are available from most crystal 
manufacturers, and have the advantage that the system 
designer can treat the oscillator as a black box whose 
performance is guaranteed by people who carry many 
years of experience in designing and building oscilla- 
tors. Figure 10 shows a typical data sheet for some 
prepackaged oscillators. Oscillators are also available 
with complementary outputs. 


If the oscillator is to drive the microcontroller directly, 
one will want to make a careful comparison between 
the external drive requirements in the microcontroller 
data sheet and the oscillator's output logic levels and 
test conditions. 


If oscillator stability is less critical than cost, the user 
may prefer to go with an in-house design. Not without 
some precautions, however. 


It's easy to design oscillators that work. Almost all of 
them do work, even if the designer isn't too clear on 
why. The key point here is that a/most 
all of them 


work. The problems begin when the system goes into 
production, 
and marginal units commence malfunc- 


tioning in the field. Most digital designers, after all, are 
not very adept at designing oscillators for production. 


Oscillator design is somewhat of a black art, with the 
quality of the finished product being very dependent on 
the designer's experience and intuition. For that reason 
the most important consideration in any design is to 
have an adequate preproduction test program. Prepro- 
duction tests are discussed later in this Application 
Note. Here we will discuss some of the design options 
and take a look at some commonly used configurations. 


Gate Oscillators 
versus Discrete 


Devices 


Digital systems designers are understandably reluctant 
to get involved with discrete devices and their peculiari- 
ties (biasing techniques, etc.). Besides, the component 
count for these circuits tends to be quite a bit higher 
than what a digital designer is used to seeing for that 
amount of functionality. Nevertheless, if there are un- 
usual requirements on the accuracy and stability of the 
clock frequency, it should be noted that discrete device 
oscillators can be tailored to suit the exact needs of the 
application and perfected to a level that would be diffi- 
cult for a gate oscillator to approach. 


In most cases, when an external oscillator is needed, the 
designer tends to rely on some form of a gate oscillator. 
A TTL inverter with a resistor connecting the output to 
the input makes a suitable inverting amplifier. The re- 
sistor holds the inverter in the transition region be- 
tween logical high and low, so that at least for start-up 
purposes the inverter is a linear amplifier. 


The feedback resistance has to be quite low, however, 
since it must conduct current sourced by the input pin 
without allowing the DC input voltage to get too far 
above the DC output voltage. For biasing purposes, the 
feedback resistance should not exceed a few k-ohms. 
But shunting the crystal with such a low resistance does 
not encourage start-up. 


lK 
lK 
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74LS04 


OUTPUT 


Rx 
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C•• 
cX2 


Consequently, the configuration in Figure llA 
might 


be suggested. By breaking Rr into two parts and AC- 
grounding the midpoint, one achieves the DC feedback 
required to hold the inverter in its active region, but 
without the negative signal feedback that is in effect 
telling the circuit not to oscillate. However, this biasing 
scheme will increase the start-up time, and relaxation- 
type oscillations are also possible. 


A CMOS inverter, such as the 74HC04, might work 
better in this application, since a larger Rr can be used 
to hold the inverter in its linear region. 


Logic gates tend to have a fairly low output resistance, 
which destabilizes the oscillator. For that reason a re- 
sistor Rx is often added to the feedback network, as 
shown in Figures llA and B. At higher frequencies a 
20 or 30 pF capacitor is sometimes used in the Rx posi- 
tion, to compensate for some of the internal propaga- 
tion delay. 


Reference I contains an excellent discussion of gate os- 
cillators, and a number of design examples. 
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It's easier to design an oscillator circuit to operate in 
the resonator's fundamental response mode than to de- 
sign one for overtone operation. A quartz crystal whose 
fundamental response mode covers the desired frequen- 
cy can be obtained up to some 30 MHz. For frequencies 
above that, the crystal might be used in an overtone 
mode. 


Several problems arise in the design of an overtone os- 
cillator. One is to stop the circuit from oscillating in the 
fundamental mode, which is what it would really rather 
do, for a number of reasons, involving both the amplify- 
ing device and the crystal. An additional problem with 
overtone operation is an increased tendency to spurious 
oscillations. That is because the R 1 of various spurious 
modes is likely to be about the same as Rl of the in- 
tended overtone response. It may be necessary, as sug- 
gested in Reference 1, to specify a "spurious-to-main- 
response" resistance ratio to avoid the possibility of 
trouble. 


Overtone oscillators are not to be taken lightly. One 
would be well advised to consult with an engineer who 
is knowledgeable in the subject during the design phase 
of such a circuit. 


Series resonant oscillators use noninverting amplifiers. 
To make a noninverting amplifier out of logic gates 
requires that two inverters be used, as shown in Figure 
12. 


This type of circuit tends to be inaccurate and unstable 
in frequency over variations in temperature and Vcc. It 
has a tendency to oscillate at overtones, and to oscillate 
through Co of the crystal or some stray capacitance 
rather than as controlled by the mechanical resonance 
of the crystal. 


The demon in series resonant oscillators is the phase 
shift in the amplifier. The series resonant oscillator 
wants more than just a "noninverting" 
amplifier-it 


wants a zero phase-shift 
amplifier. Multistage nonin- 


verting amplifiers tend to have a considerably lagging 
phase shift, such that the crystal reactance must be ca- 
pacitive in order to bring the total phase shift around 
the feedback loop back up to O. In this mode, a "12 
MHz" crystal may be running at 8 or 9 MHz. One can 
put a capacitor in series with the crystal to relieve the 
crystal of having to produce all of the required phase 
shift, and bring the oscillation frequency closer to fs. 
However, to further complicate the situation, the am- 
plifier's phase shift is strongly dependent on frequency, 
temperature, VCC, and device sample. 


Positive reactance oscillators ("parallel resonant") use 
inverting amplifiers. A single logic inverter can be used 
for the amplifier, as in Figure 11. The amplifier's phase 
shift is less critical, compared to a series resonant cir- 
cuit, and since only one inverter is involved there's less 
phase error anyway. The oscillation frequency is effec- 
tively bounded by the resonant and anti resonant fre- 
quencies of the crystal itself. In addition, the feedback 
network includes capacitors that parallel the input and 
output terminals of the amplifier, thus reducing the ef- 
fect of unpredictable capacitances at these points. 


MORE ABOUT 
USING THE "ON-CHIP" 


OSCILLATORS 


In this section we will describe the on-chip inverters on 
selected microcontrollers 
in some detail, and discuss 
criteria for selecting components to work with them. 
Future data sheets will supplement this discussion with 
updates and information pertinent to the use of each 
chip's oscillator circuitry. 


Oscillator design, though aided by theory, is still largely 
an empirical exercise. The circuit is inherently nonlin- 
ear, and the normal analysis parameters vary with in- 
stantaneous voltage. In addition, when dealing with the 
on-chip circuitry, we have FETs being used as resistors, 
resistors being used as interconnects, distributed delays, 
input protection devices, parasitic junctions, and pro- 
cessing variations. 


Consequently, 
oscillator calculations 
are never very 


precise. They can be useful, however, if they will at 
least indicate the effects of variations in the circuit pa- 
rameters on start-up time, oscillation frequency, and 
steady-state amplitude. Start-up time, for example, can 
be taken as an indication of start-up reliability. If pre- 
production tests indicate a possible start-up problem, a 
relatively inexperienced designer can at least be made 
aware of what parameter may be causing the marginali- 
ty, and what direction to go in to fix it. 
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A) 8081-Type Circuit Configuration 
during Start-Up. 
(Excludes Input Protection 
Devices.) 


~~.r------------' 
i 
r---------l 
! 
~~! 
: 
I 
I 
- 
~ 
I 
I 
Ro 
I 
I 
II, 
I: 


I 
I 
,-_ 
_..J 
II 
---" 
e.. I 
---r 


Z,,-<_ 


IIL.._ 


Figure 13. Oscillator Circuit Model Used 
In Start-Up Calculations 


The analysis 
used here is mathematically 
straightfor- 


ward but algebraically 
intractable. 
That means it's rela- 


tively easy to understand 
and program 
into a computer, 


but 
it will not yield a neat 
formula 
that 
gives, say, 
steady-state 
amplitude 
as a function 
of this or that list 


of parameters. 
A listing of a BASIC program 
that im- 


plements 
the analysis will be found in Appendix 
II. 


When 
the circuit 
is first powered 
up, and before the 


oscillations 
have commenced 
(and if the oscillations fail 


to commence), 
the oscillator 
can be treated 
as a small 


signal linear amplifier with feedback. In that case, stan- 
dard 
small-signal 
analysis 
techniques 
can be used to 


determine 
start-up 
characteristics. 
The 
circuit 
model 


used in this analysis is shown in Figure 
13. 


The 
circuit 
approximates 
that 
there 
are no high-fre- 


quency 
effects within the amplifier 
itslef, such that. its 


high-frequency 
behavior 
is dominated 
by the load Im- 


pedance ZL. This is a reasonable 
approximation 
for sin- 


gle-stage amplifiers 
of the type used in 805 I-type devic- 


es. Then the gain of the amplifier 
as a function 
of fre- 


quency is 


4.807 
4.808 
1-1kHz--t 


Figure 14. Loop Gain versus Frequency 
(4.608 MHz Crystal) 


Zj 
13=-- 
Zj + Zf 


The impedances 
ZL, Zr, and Zj are defined 
in Figure 


13B. 


Figure 
14 shows the way the loop gain thus calculated 


(using typical 
8051-type parameters 
and a 4.608 MHz 


crystal) varies with frequency. The frequency of mterest 
is the one for which the phase of the loop gain is zero. 
The accepted 
criterion 
for start-up 
is that 
the magni- 
tude of the loop gain must exceed unity at this frequen- 
cy. This is the frequency 
at which the circuit is in reso- 


nance. It corresponds 
very closely with the anti resonant 


frequency 
of the motional 
arm of the crystal in parallel 


with CL. 


Figure 
15 shows the way the loop gain varies with fre- 


quency 
when the parameters 
of a 3.58 MHz 
ceramic 


resonator 
are used in place of a crystal 
(the amplifier 


parameters 
being typical 
8051, as in Figure 
14). Note 


the different 
frequency 
scales. 


3.55 
3.57 
t-2OkHz~ 


Figure 15. Loop Gain versus Frequency 
(3.58 MHz Ceramic) 


It is common, in studies of feedback systems, to exam- 
ine the behavior of the closed loop gain as a function of 
complex frequency s = 
(j + jw; specifically, to deter- 


mine the location of its poles in the complex plane. A 
pole is a point on the complex plane where the gain 
function goes to infinity. Knowledge of its location can 
be used to predict the response of the system to an 
input disturbance. 


The way that the response function depends on the lo- 
cation of the poles is shown in Figure 16. Poles in the 
left-half plane cause the response function to take the 
form of a damped sinusoid. Poles in the right-half plane 
cause the response function to take the form of an expo- 
nentially growing sinusoid. In general, 


where a is the real part of the pole frequency. Thus if 
the pole is in the right-half plane, a is positive and the 
sinusoid grows. If the pole is in the left-half plane, a is 
negative and the sinusoid is damped. 


The same type of analysis can usefully be applied to 
oscillators. In this case, however, rather than trying to 
ensure that the poles are in the left-half plane. we 
would seek to ensure that they're in the right-half plane. 
An exponentially growing sinusoid is exactly what is 
wanted from an oscillator that has just been powered 
up. 
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Figure 16. Do You Know Where Your 
Poles Are Tonight? 


The gain function of interest in oscillators is 11(1 - 
I3A). Its poles are at the complex frequencies where I3A 
= ILO". because that value of I3A causes the gain func- 
tion to go to infinity. The oscillator will start up if the 
real part of the pole frequency is positive. More impor- 
tantly, the rate at which it starts up is indicated by how 
much greater than 0 the real part of the pole frequency 
is. 


The circuit in Figure l3B can be used to find the pole 
frequencies of the oscillator gain function. All that 
needs to be done is evaluate the impedances at complex 
frequencies (j + jw rather than just at w, and find the 
value of (j + jw for which I3A = ILO·. The larger that 
value of (j is, the faster the oscillator will start up. 


Of course, other things besides pole frequencies, things 
like the VCC rise time, are at work in determining the 
start-up time. But to the extend that the pole frequen- 
cies do affect start-up time, we can obtain results like 
those in Figures 17 and 18. 


To obtain these figures the pole frequencies were com- 
puted 
for various 
values of capacitance 
Cx 
from 


XTALI and XTAL2 to ground (thus CX] 
= CX2 = 


Cx). Then a "time constant" for start-up was calculat- 


I 
ed as Ts = - 
where (j is the real part of the pole fre- 


(j 
quency (rad/sec), and this time constant is plotted ver- 
sus Cx. 
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Figure 
17. Oscillator 
Start-Up 
(4.608 MHz Crystal 


from Standard 
Crystal 
Corp.) 


A short time constant means faster start-up. A long 
time constant means slow'start-up. Observations of ac- 
tual start-ups are shown in the figures. Figure 17 is for 
a typical 8051 with a 4.608 MHz crystal supplied by 
Standard Crystal Corp., and Figure 18 is for a typical 
8051 with a 3.58 MHz ceramic resonator supplied by 
NTK Technical Ceramics, Ltd. 


It can be seen in Figure 17 that, for this crystal, values 
of Cx between 30 and 50 pF minimize start-up time, 
but that the exact value in this range is not particularly 
important, even if the start-up time itself is critical. 


As previously mentioned, start-up time can be taken as 
an indication of start-up reliability. Start-up problems 
are normally associated with CXl and CX2 being too 
small or too large for a given resonator. If the parame- 
ters of the resonator are known, curves such as in Fig- 
ure 17 or 18 can be generated to define acceptable 
ranges of values for these capacitors. 


As the oscillations grow in amplitude, they reach a lev- 
el at which they undergo severe clipping within the am- 
plifier, in effect reducing the amplifier gain. As the am- 
plifier gain decreases, the poles move towards the jw 
axis. In steady-state, the poles are on the jw axis and 
the amplitude of the oscillations is constant. 
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Figure 
18. Oscillator 
Start-Up 
(3.58 MHz Ceramic 


Resonator 
from 
NTK Technical 
Ceramics) 
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Figure 19. Calculated 
and Experimental 
Steady- 
State Amplitudes 
vs. Bulk Capacitance 
from 
XT AL 1 and XT AL2 to Ground 


Steady-state 
analysis is greatly complicated 
by the fact 


that 
we are dealing 
with large signals 
and nonlinear 


circuit 
response. 
The circuit 
parameters 
vary with in- 


stantaneous 
voltage, 
and 
a number 
of clamping 
and 


clipping 
mechanisms 
come 
into 
play. 
Analyses 
that 


take all these things into account are too complicated 
to 


be of general 
use, and analyses 
that 
don't 
take them 


into account 
are too inaccurate 
to justify the effort. 


There 
is a steady-state 
analysis 
in Appendix 
B that 


takes some of the complications 
into account 
and ig- 


nores others. 
Figure 
19 shows the way the steady-state 


amplitudes 
thus calculated 
(using typical 8051 parame- 


ters and a 4.608 MHz 
crystal) 
vary with equal bulk 


capacitance 
placed 
from 
XTALI 
and 
XTAL2 
to 


ground. 
Experimental 
results 
are shown 
for compari- 


son. 


The waveform 
at XTALI 
is a fairly clean sinusoid. 
Its 


negative 
peak is normally 
somewhat 
below zero, at a 


level which is determined 
mainly by the input 
protec- 


tion circuitry 
at XTALI. 


The input protection 
circuitry 
consists of an ohmic re- 


sistor 
and an enhancement-mode 
FET 
with 
the gate 


and source 
connected 
to ground 
(VSS), as shown 
in 


Figure 
20 for the 8051, and in Figure 
21 for the 8048. 


Its function 
is to limit the positive voltage at the gate of 


the input 
FET 
to the avalanche 
voltage 
of the drain 


junction. 
If the input pin is driven below VSS, the drain 


and source of the protection 
FET interchange 
roles, so 


its gate is connected 
to what is now the drain. 
In this 


condition 
the device resembles 
a diode with the anode 


connected 
to VSS. 


There is a parasitic 
pn junction 
between 
the ohmic re- 
sistor and the substrate. 
In the ROM parts (8015,8048, 


etc.) the substrate 
is held at approximately 
- 3V by the 


on-chip 
back-bias 
generator. 
In 
the 
EPROM 
parts 


(8751, 8748, etc.) the substrate 
is connected 
to VSS. 


The effect of the input protection 
circuitry 
on the oscil- 


lator is that if the XT ALl signal goes negative, its nega- 
tive peak is clamped to - VDS of the protection 
FET in 


the ROM 
parts, and to about 
-0.5V 
in the EPROM 


parts. 
These negative 
voltages 
on XTALI 
are in this 


application 
self-limiting 
and nondestructive. 


The clamping 
action does, however, 
raise the DC level 


at XTALl, 
which in turn tends to reduce the positive 


peak at XTAL2. 
The waveform at XTAL2 
resembles a 


sinusoid 
riding 
on a DC 
level, and 
whose 
negative 


peaks are clipped off at zero. 


Since it's normally 
the XT AL2 signal that 
drives the 


internal clocking circuitry, 
the question naturally 
arises 


as to how large this signal must be to reliably do its job. 
In fact, the XTAL2 
signal doesn't 
have to meet 
the 


same VIH and VIL specifications 
that an external driv- 


er would have to. That's 
because as long as the oscilla- 


tor is working, 
the on-chip 
amplifier 
is driving 
itself 


through 
its own O-to-l transition 
region, which is very 


nearly 
the same as the O-to-l transition 
region in the 


internal 
buffer that follows the oscillator. 
If some pro- 
cessing variations 
move the transition 
level higher 
or 


lower, the on-chip amplifier 
tends to compensate 
for it 


by the fact that its own transition 
level is correspond- 


ingly higher 
or lower. 
(In the 8096, it's the XT ALl 


signal that drives the internal clocking circuitry, 
but the 


same concept applies.) 


The main concern 
about the XT AL2 signal amplitude 


is an indica~ion of the general health 
of the oscillator. 


An amplitude 
of less than about 2.5V peak-to-peak 
in- 


dicates 
that 
start-up 
problems 
could 
develop 
in some 


units (with low gain) with some crystals (with high RI)' 
The remedy is to either adjust the values OfCXl and/or 
CX2 or use a crystal with a lower R 1. 


The amplitudes 
at XTALI 
and XT AL2 can be adjusted 


by changing 
the ratio of the capacitors 
from XT AL I 


and XT AL2 to ground. 
Increasing 
the XT AL2 capaci- 


tance, for example, decreases the amplitude 
at XTAL2 


and increases 
the amplitude 
at XT ALl 
by about 
the 


same amount. 
Decreasing 
both caps increases both am- 


plitudes. 


inter 


Internal 
pin-to-ground 
and 
pin-to-pin 
capacitances 
at 


XT ALl 
and XT AL2 will have some effect on the oscil- 


lator. 
These 
capacitances 
are normally 
taken 
to be in 


the range of 5 to 10 pF, but they are extremely 
difficult 


to evaluate. 
Any measurement 
of one such capacitance 
will necessarily 
include 
effects from the others. 
One ad- 


vantage 
of the positive 
reactance 
oscillator 
is that 
the 


pin-to-ground 
capacitances 
are 
paralleled 
by external 


bulk capacitors, 
so a precise 
determination 
of their val- 


ue is unnecessary. 
We would 
suggest 
that there is little 


justification 
for more 
precision 
than 
to assign 
them 
a 
value 
of 
7 
pF 
(XTALl-to-ground 
and 
XTALl-to- 
XT AL2). 
This value is probably 
not in error 
by more 


than 
3 or 4 pF. 


The XTAL2-to-ground 
capacitance 
is not entirely 
"pin 


capacitance," 
but more 
like an "equivalent 
output 
ca- 


pacitance" 
of some 25 to 30 pF, having 
to include 
the 


effect of internal 
phase 
delays. 
This value will vary to 


some extent 
with temperature, 
processing, 
and frequen- 


cy. 


The on-chip 
amplifier 
on the HMOS 
MCS-51 
family is 


shown 
in Figure 
20. The drain 
load and feedback 
"re- 


sistors" 
are seen to be field-effect 
transistors. 
The drain 


load PET, 
RD' is typically 
equivalent 
to about 
IK to 3 


K-ohms. 
As an amplifier, 
the 
low frequency 
voltage 


gain is normally 
between 
- 10 and 
- 20, and the out- 


put resistance 
is effectively 
RD. 


XTAL2 
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The 
80151 oscillator 
is normally 
used with equal 
bulk 


capacitors 
placed 
externally 
from 
XT ALl 
to ground 


and 
from 
XTAL2 
to ground. 
To determine 
a reason- 


able value of capacitance 
to use in these positions, 
given 


a crystal 
of ceramic 
resonator 
of known 
parameters, 
one can use the BASIC 
analysis 
in Appendix 
II to gen- 


erate 
curves 
such as in Figures 
17 and 
18. This proce- 


dure 
will define 
a range 
of values 
that 
will minimize 


start-up 
time. 
We don't 
suggest 
that 
smaller 
values 
be 


used than 
those 
which 
minimize 
start-up 
time. 
Larger 
values 
than 
those 
can 
be used 
in applications 
where 


increased 
frequency 
stability 
is desired, 
at some 
sacri- 


fice in start-up 
time. 


Standard 
Crystal 
Corp. 
(Reference 
8) studied 
the use of 


their crystals 
with the MCS-51 
family using skew sam- 


ple supplied 
by Intel. 
They 
suggest 
putting 
30 pF ca- 


pacitors 
from 
XT ALl 
and 
XT AL2 
to ground, 
if the 
crystal 
is specified 
as described 
in Reference 
8. They 


noted 
that in that configuration 
and with crystals 
thus 


specified, 
the frequency 
accuracy 
was ± 0.01 % and the 


frequency 
stability 
was ± 0.005%, 
and that a frequency 


accuracy 
of ±0.005% 
could 
be obtained 
by substitut- 


ing a 25 pF fixed cap in parallel 
with a 5-20 
pF trim- 


mer for one of the 30 pF caps. 


MCS-51 
skew 
samples 
have 
also 
been 
supplied 
to a 


number 
of ceramic 
resonator 
manufacturers 
for charac- 


terization 
with their products. 
These companies 
should 


be contacted 
for application 
information 
on their 
prod- 


ucts. In general, 
however, 
ceramics 
tend to want some- 


what larger 
values 
for CX! and CX2 than 
quartz 
crys- 


tals do. As shown in Figure 
18, they start up a lot faster 


that way. 


In some application 
the actual 
frequency 
tolerance 
re- 


quired 
is only 1% or so, the user being concerned 
main- 


ly that 
the circuit 
will oscillate. 
In that 
case, Cx I and 


CX2 can be selected 
rather 
freely in the range 
of 20 to 


80 pF. 


As you can see, "best" 
values for these components 
and 
their 
tolerances 
are strongly 
dependent 
on the applica- 


tion and its requirements. 
In any case, their 
suitability 


should 
be verified 
by environmental 
testing 
before 
the 


design 
is submitted 
to production. 


The NMOS 
and HMOS 
MCS-48 
oscillator 
is shown 
in 


Figure 
21. It differs from the 8051 in that 
its inverting 


inter 
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amplifier is a Schmitt Trigger. This configuration was 
chosen to prevent crosstalk from the TO pin, which is 
adjacent to the XTALI pin. 


All Schmitt Trigger circuits exhibit a hysteresis effect, 
as shown in Figure 22. The hysteresis is what makes it 
less sensitive to noise. The same hysteresis allows any 
Schmitt Trigger to be used as a relaxation oscillator. 
All you have to do is connect a resistor from output to 
input, and a capacitor from input to ground, and the 
circuit oscillates in a relaxation mode as follows. 


If the Schmitt Trigger output is at a logic high, the 
capacitor commences charging through the feedback 
resistor. When the capacitor voltage reaches the upper 
trigger 
point 
(UTP), 
the 
Schmitt 
Trigger 
output 


switches to a logic low and the capacitor commences 
discharging through the same resistor. When the capac- 
itor voltage reaches the lower trigger point (LTP), the 
Schmitt Trigger output switches to a logic high again, 
and the sequence repeats. The oscillation frequency is 
determined by the RC time constant and the hysteresis 
voltage, UTP-LTP. 


The 8048 can oscillate in this mode. It has an internal 
feedback resistor. All that's needed is an external ca- 
pacitor from XTALl to ground. In fact, if a smaller 
external feedback resistor is added, an 8048 system 
could be designed to run in this mode. Do it at your own 
risk! This mode of operation is not tested, specified, 
documented, or encouraged in any way by Intel for the 
8048. Future steppings of the device might have a dif- 
ferent type of inverting amplifier (one more like the 
8051). The CHMOS members of the MCS-48 family do 
not use a Schmitt Trigger as the inverting amplifier. 


Relaxation oscillations in the 8048 must be avoided, 
and this is the major objective in selecting the off-chip 
components needed to complete the oscillator circuit. 


When an 8048 is powered up, if VCC has a short rise 
time, the relaxation mode starts first. The frequency is 
normally about 50 KHz. The resonator mode builds 


more slowly, but it eventually takes over and dominates 
the operation of the cirucit 
This is shown in Figure 


23A. 


Due to processing variations, some units seem to have a 
harder time coming out of the relaxation mode, partic- 
ularly at low temperatures. In some cases the resonator 
oscillations may fail entirely, and leave the device in the 
relaxation mode. Most units will stick in the relaxation 
mode at any temperature if Cx! is larger than about 50 
pF. Therefore, Cx! should be chosen with some care, 
particularly if the system must operate at lower temper- 
atures. 


One method that has proven effective in all units to 
-40°C 
is to put 5 pF from XTALl to ground and 20 


pF from XTAL2 to ground. Unfortunately, while this 
method does discourage the relaxation mode, it is not 
an optimal choice for the resonator mode. For one 
thing, it does not swamp the pin capacitance. Also, it 
makes for a rather high signal level at XTALl (8 or 9 
volts peak-to-peak). 


The question arises as to whether that level of signal at 
XTLAI 
might damage the chip. Not to w,orry. The 


negative peaks are self-limiting and nondestructive. The 
positive peaks could conceivably damage the oxide, but 
in fact, NMOS chips (eg, 8048) and HMOS chips (eg, 
8048H) are tested to a much higher voltage than that. 
The technology trend, of course, is to thinner oxides, as 
the devices shrink in size. For an extra margin of safety, 
the HMOS II chips (eg, 8048AH) have an internal di- 
ode clamp at XTALl to VCC. 


In reality, Cx! doesn't have to be quite so small to 
avoid relaxation oscillations, if the minimum operating 
temperature is not -40°C. 
For less severe temperature 


requirements, values of capacitance selected in much 
the same way as for an 8051 can be used. The circuit 
should be tested, however, at the system's lowest tem- 
perature limit. 


Additional security against relaxation oscillations can 
be obtained by putting a 1M-ohm (or larger) resistor 
from XTALl to VCC. Pulling up the XTALl pin this 
way seems to discourage relaxation oscillations as effec- 
tively as any other method (Figure 23B). 


Another thing that discourages relaxation oscillations is 
low VCc. The resonator mode, on the other hand is 
much less sensitive to VCC. Thus if VCC comes up 
relatively slowly (several milliseconds rise time), the 
resonator mode is normally up and running before the 
relaxation mode starts (in fact, before VCC has even 
reached operating specs). This is shown in Figure 23C. 


A secondary effect of the hysteresis is a shift in the 
oscillation frequency. At low frequencies, the output 
signal from an inverter without hysteresis leads (or 
lags) the input by 180 degrees. The hysteresis in a 
Schmitt Trigger, however, causes the output to lead the 
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input by less than 180 degrees (or lag by more than 180 
degrees), by an amount that depends on the signal am- 
plitude, as shown in Figure 24. At higher frequencies, 
there are additional phase shifts due to the various reac- 
tances in the circuit, but the phase shift due to the hys- 
teresis is stiIJ present. Since the total phase shift in the 
oscilJator's loop gain is necessarily 0 or 360 degrees, it 
is apparent that as the oscilJations build up, the fre- 
quency has to change to aJlow the reactances to com- 
pensate for the hysteresis. In normal operation, this ad- 
ditional phase shift due to hysteresis does not exceed a 
few degrees, and the resulting frequency shift is negligi- 
ble. 
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0 
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230659-34 
A) When VCC Comes Up Fast, Relaxation Oscillations 


Start First. But Then the Crystal Takes Over. 


230659-35 
B) Weak Pullup (1 Mfi or More) on XTAL 1 


Discourages Relaxation Mode. 
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C) No Relaxation Oscillations When VCC Comes Up 


More Slowly. 


Kyocera, a ceramic resonator 
manufacturer, 
studied 
the use of some of their resonators (at 6.0 MHz, 8.0 
MHz, and 11.0 MHz) with the 8049H. Their conclu- 
sion as to the value of capacitance to use at XTAL 1 and 
XTAL2 was that 33 pF is appropriate at all three fre- 
quencies. One should probably foJlow the manufactur- 
er's recommendations 
in this matter, since they wiIJ 


guarantee operation. 


Whether one should accept these recommendations and 
guarantees without further testing is, however, another 
matter. Not aJl users have found the recommendations 
to be without occasional problems. If you run into dim- 


Figure 23. Relaxation 
Oscillations 
in the 8048 
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cuities using their recommendations, both Intel and the 
ceramic resonator manufacturer want to know about it. 
It is to their interest, and ours, that such problems be 
resolved. 
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B) Inverter With Hysteresis: Output Leads 
Input by Less than 180'. 


Figure 24. Amplitude-Dependent 
Phase 
Shift In Schmitt Trigger 


An oscillator design should never be considered ready 
for production until it has proven its ability to function 
acceptably well under worst-case environmental condi- 
tions and with parameters at their worst-case tolerance 
limits. Unexpected temperature 
effects in parts that 


may already be near their tolerance limits can prevent 
start-up of an oscillator that works perfectly well on the 
bench. For example, designers often overlook tempera- 
ture effects in ceramic capacitors. (Some ceramics are 
down to 50% of their room-temperature 
values at 


- 2lfC and + 6O"C).The problem here isn't just one of 
frequency stability, but also involves start-up time and 
steady-state amplitude. There may also be temperature 
effects in the resonator and amplifier. 


It will be helpful to build a test jig that will allow the 
oscillator circuit to be tested independently of the rest 
of the system. Both start-up and steady-state character- 
istics should be tested. Figure 25 shows the circuit that 


SOURCE 


ORG 0000 
H 


JMP 
START 


ORG OOOB H 


CPL 
Tl 


RETI 


ORG 0001BH 
CPL 
Pl.l 


DJNZ 
P2,$ 


CPL 
PLO 


RETI 


START: 
MOV 


MOV 


MOV 


TOt 


;TIMER 
1 
INTERRUPT: 


TOGGLE 
CRO TRIGGER 


DELAY 


TOGGLE 
VCC 
CONTROL 


THl,#OFAH 
;TIMER 
1 
RELOAD 
VALUE 


TLl, 
# OFAH 
;START 
TLI 
AT 
RELOAD 
VALU 


TMOD, #61H 
;TIMER 
1 
TO 
COUNTER, 
AUTO 


;RELOAD 


;TIMER 
0 
TO 
TIMER, 
16-BIT 


IE, 
#BAH 
;ENABLE 
TIMER 
INTERRUPTS 


;ONLY 


TCON. # 50H 
;TURN 
ON BOTH 
TIMERS 


$ 
; IDLE 


+sv 


5O~f+q 


P1.0 or Pl.1 


TO 


OSCILLOSCOPE 
TRIGGER 


was used to obtain the oscillator start-up photographs 
in this Application Note. This circuit or a modified 
version of it would make a convenient test vehicle. The 
oscillator and its relevant components can be physically 
separated from the control circuitry, and placed in a 
temperature chamber. 


Start-up should be observed under a variety of condi- 
tions, including low VCC and using slow and fast VCC 
rise times. The oscillator should not be reluctant to 
start up even when VCC is below its spec value for the 
rest of the chip. (The rest of the chip may not function, 
but the oscillator should work.) It should also be veri- 
fied that start-up occurs when the resonator has more 
than its upper tolerance limit of series resistance. (Put 
some resistance in series with the resonator for this 
test.) The bulk capacitors from XTALI and XTAL2 to 
ground should also be varied to their tolerance limits. 


The same circuit, with appropriate changes in the soft- 
ware to lengthen the "on" time, can be used to test the 
steady-state characteristics of the oscillator, specifically 
the frequency, frequency stability, and amplitudes at 
XTALl and XTAL2. 


As previously noted, the voltage swings at these pins 
are not critical, but they should be checked at the sys- 
tem's temperature limits to ensure that they are in good 
health. 
Observing these signals necessarily changes 
them somewhat. Observing the signal at XTAL2 re- 
quires that the capacitor at that pin be reduced to ac- 
count for the oscilloscope probe capacitance. Observing 
the signal at XTAL I requires the same consideration, 
plus a blocking capacitor (switch the oscilloscope input 
to AC), so as to not disturb the DC level at that pin. 
Alternatively, a MOSFET buffer such as the one shown 
in Figure 26 can be used. It should be verified by direct 
measurement that the ground clip on the scope probe is 
ohmically connected to the scope chassis (probes are 
incredibly fragile in this respect), and the observations 
should be made with the ground clip on the VSS pin, or 
very close to it. If the probe shield isn't operational and 
in use, the observations are worthless. 


+12V 


MFE300S 


XTAL1 


XTc::.U 
,! 


C:::::R 


GATE PROTECTION 


Figure 26. MOSFET 
Buffer for Observing 


Oscillator 
Signals 


Frequency checks should be made with only the oscilla- 
tor circuitry connected to XTALl and XTAL2. The 
ALE frequency can be counted, and the oscillator fre- 
quency derived from that. In systems where the fre- 
quency tolerance 
is only "nominal," 
the frequency 


should still be checked to ascertain that the oscillator 
isn't running in a spurious resonance or relaxation 
mode. Switching VCC off and on again repeatedly will 
help reveal a tendency to go into unwanted modes of 
oscillation. 


The operation of the oscillator should then be verified 
under actual system running conditions. By this stage 
one will be able to have some confidence that the basic 
selection of components for the oscillator itself is suit- 
able, so if the oscillator appears to malfunction in the 
system the fault is not in the selection of these compo- 
nents. 


The first thing to consider in case of difficulty is that 
between the test jig and the actual application there 
may be significant differences in stray capacitances, 
particularly if the actual application is on a multi-layer 
board. 


Noise glitches, that aren't present in the test jig but are 
in the application board, are another possibility. Capac- 
itive coupling between the oscillator circuitry and other 
signal has already been mentioned as a source of mis- 
counts in the internal. clocking circuitry. Inductive cou- 
pling is also possible, if there are strong currents near- 
by. These problems are a function of the PCB layout. 


Surrounding the oscillator components with "quiet" 
traces (VCC and ground, for example) will alleviate ca- 
pacitive coupling to signals that have fast transition 
times. To minimize inductive coupling, the PCB layout 
should minimize the areas of the loops formed by the 
oscillator components. These are the loops that should 
be checked: 


XTALl through the resonator to XTAL2; 
XTALl through CX! to the VSS pin; 
XTAL2 through CX2 to the VSS pin. 


It is not unusual to find that the grounded ends of CX! 
and CX2 eventually connect up to the VSS pin only 
after looping around the farthest ends of the board. Not 
good. 


Finally, it should not be overlooked that software prob- 
lems sometimes imitate the symptoms of a slow-starting 
oscillator or incorrect frequency. Never underestimate 
the perversity of a software problem. 
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APPENDIX 
A 
QUARTZ AND CERAMIC 
RESONATOR 
FORMULAS 


Based on the equivalent circuit of the crystal, the im- 
pedance of the crystal is 


z 
_ 
(Rl + jWll + 1/jwC1) 
(1/jwCO) 


XTAL - 
R1 + jWll 
+ 1/jWCl + 1/jwCo 


After some algebraic manipulation, this calculation can 
be written in the form 


1 
1 - 
w2l1Cl 
+ jwR1C1 
ZXTAL = ----.-------- 


jW(C1 + Co) 
1 - 
w2l1CT 
+ jWR1CT 


CT=~ 
Cl + Co 


The impedance of the crystal in parallel with an exter- 
nal load capacitance CL is the same expression, but 
with Co + CL substituted for Co: 


Z 
II 
1 
1 - 
w2l1Cl 
+ jwR1Cl 


XTAL CL = jw(C1 + Co + CLl· 
1 - 
w2l1C'T 
+ jwR1C'T 


where C'T is the capacitance ofC! in series with (Co + 
Cd: 


C'T = 
Cl(CO + CLl 


C1 + Co + CL 


The impedance of the crystal in series with the load 
capacitance is 


1 
ZXTAL + CL = ZXTAL + :----C 
JW 
L 


CL + Cl + Co 
1 - 
w2l1C'T 
+ jwR1C'T 


= jwCL (Cl + Co)· 
1 - 
w2l1CT 
+ jwR1CT 


The phase angles of these impedances are readily ob- 
tained from the impedance expressions themselves: 


wR1 C1 
IJXTAL = arctan 
2 


1 - 
w llCl 


_ arctan 
WRl CT 
7T 


1 - 
w2l1CT 
2 


WR1Cl 
IJXTAL~CL= arctan 
2 
C 
1 - 
w II 
1 


_ arctan 
WRl C'T 
1 - 
w2l1C'T 


WR1C'T 
IJXTAL + CL = arctan 
2 
C' 
1 - 
w II 
T 


_ arctan 
WRl CT 
1 - 
w2l1CT 


The resonant ("series resonant") frequency is the fre- 
quency at which the phase angle is zero and the imped- 
ance is low. The antiresonant ("parallel resonant") fre- 
quency is the frequency at which the phase angle is zero 
and the impedance is high. 


Each of the above 8-expressions contains two arctan 
functions. Setting the denominator of the argument of 
the first arctan function to zero gives (approximately) 
the "series resonant" frequency for that configuration. 
Setting the denominator of the argument of the second 
arctan function to zero gives (approximately) the "par- 
allel resonant" frequency for that configuration. 


For example, the resonant frequency of the crystal is 
the frequency at which 


1 


Ws = ~llCl 


1 
f =--- 
s 
27T~llCl 


It will be noted that the series resonant frequency of the 
"XTAL+ 
CL" configuration (crystal in series with CL) 


is the same as the parallel resonant frequency of the 
"xTALllcL" 
configuration 
(crystal in parallel with 


Cd. This is the frequency at which 


1 
wa = ~L1C'T 


1 
fa = 27T~L1C'T 


This fact is used by crystal manufacturers in the pro- 
cess of calibrating a crystal to a specified load capaci- 
tance. 


By subtracting the resonant frequency of the crystal 
from its antiresonant frequency, one can calculate the 
range of frequencies over which the crystal reactance is 
positive: 


Given typical values for Cl and CO, this range can 
hardly exceed 0.5% offs. Unless the inverting amplifier 
in the positive reactance oscillator is doing something 
very strange indeed, the oscillation frequency is bound 
to be accurate to that percentage whether the crystal 
was calibrated for series operation or to any unspecified 
load capacitance. 


ESR is the real part of ZXTAL at the oscillation fre- 
quency. The oscillation frequency is the parallel reso- 
nant 
frequency 
of the 
"XT AL IICL" 
configuration 
(which is the same as the series resonant frequency of 
the "XT AL + CL" configuration). Substituting this fre- 
quency into the ZXTAL expression yields, after some 
algebraic manipulation, 


(Co + CL)2 
. 
R1 
--- 
CL 


2 
2 (Co + CL)2 
1+wC, 
~ 


( 
CO)2 


"" 
R1 
1 + CL 


The power dissipated by the crystal is I~R\. where II is 
the RMS current in the motional arm of the crystal. 
This current is given by Yx/lz\I, where Yx is the RMS 
voltage across the crystal, and jZll is the magnitude of 
the impedance of the motional arm. At the oscillation 
frequency, the motional arm is a positive (inductive) 
reactance in parallel resonance with (Co + CL)' There- 
fore /zd is approximately equal to the magnitude of the 
reactance of (Co + Cd: 


Iz 1- 
1 
1 - 
27Tf(Co + CLl 


p = I~ R1 = C~~IyR1 


= [27Tf (Co + CLl Vxl2 R1 


The 
waveform 
of the 
voltage 
across 
the 
crystal 
(XTALI to XTAL2) is approximately sinusoidal. Ifits 
peak value is YCC, then Yx is YCClfi. Therefore, 


inter 


APPENDIX 
B 
OSCILLATOR 
ANALYSIS 
PROGRAM 


The program 
is written 
in BASIC. 
BASIC 
is excruciat- 


ingly slow, but it has some advantages. 
For one thing, 
more 
people 
know 
BASIC 
than 
FORTRAN. 
In addi- 


tion, a BASIC 
program 
is easy to develop, 
modify, 
and 


"fiddle 
around" 
with. 
Another 
important 
advantage 
is 


that a BASIC 
program 
can run on practically 
any small 


computer 
system. 


Its slowness 
is a problem, 
however. 
For 
example, 
the 


routine 
which 
calculates 
the 
"start-up 
time 
constant" 


discussed 
in the text 
may 
take 
several 
hours 
to com- 


plete. A person 
who finds this program 
useful may pre- 


fer to convert 
it to FORTAN, 
if the facilities 
are avail- 


able. 


The program 
was developed 
with specific 
reference 
to 


8051-type 
oscillator 
circuitry. 
That 
means 
the on-chip 


amplifier 
is a simple 
inverter, 
and not a Schmitt 
Trig- 


ger. 
The 
8096, 
the 
80C51, 
the 
80C48 
and 
80C49 
all 


have 
simple 
inverters. 
The 
8096 
oscillator 
is almost 


identical 
to the 8051, differing 
mainly 
in the input 
pro- 


tection 
circuitry. 
The 
CHMOS 
amplifiers 
have 
some- 


what 
different 
parameters 
(higher 
gain, 
for example), 


and different 
transition 
levels than 
the 8051. 


The MCS-48 
family 
is specifically 
included 
in the pro- 


gram 
only 
to the 
extent 
that 
the 
input-output 
curve 


used 
in the 
steady-state 
analysis 
is that 
of a Schmitt 


Trigger, 
if the user identifies 
the device under 
analysis 


as an MCS-48 
device. The analysis 
does not include 
the 


voltage 
dependent 
phase 
shift of the Schmitt 
Trigger. 


The clamping 
action 
of the input 
protection 
circuitry 
is 


important 
in determining 
the steady-state 
amplitudes. 
The steady-state. 
routine 
accounts 
for it by setting 
the 


negative 
peak 
of the 
XTALI 
signal 
at a level which 


depends 
on the amplitude 
of the XT ALl 
signal in ac- 


cordance 
with experimental 
observations. 
It's an exer- 
cise in curve-fitting. 
A user may find a different 
type of 


curve 
works 
better. 
Later 
steppings 
of the 
chips 
may 
behave 
differently 
in this respect, 
having 
somewhat 
dif- 


ferent 
types of input 
protection 
circuitry. 


It should be noted that the analysis 
ignores a number 
of 


important 
items, 
such 
as high-frequency 
effects in the 


on-chip 
circuitry. 
These 
effects are difficult 
to predict, 


and are no doubt 
dependent 
on temperature, 
frequency, 


and device sample. 
However, 
they can be simulated 
to a 


reasonable 
degree by adding 
an "output 
capacitance" 
of 


about 
20 pF to the circuit 
model 
(i.e., in parallel 
with 


CX2) as described 
below. 


The program 
asks the user to input 
values 
for various 


circuit 
parameters. 
First 
the crystal 
(or ceramic 
resona- 


tor) 
parameters 
are asked 
for. These 
are RI, 
LI, 
CI, 


and CO. The manufacturer 
can supply 
these values 
for 


selected 
samples. 
To obtain 
any kind of correlation 
be- 
tween 
calculation 
and 
experiment, 
the values 
of these 


parameters 
must 
be known 
for the specific 
sample 
in 


the test circuit. 
The value that should 
be entered 
for CO 


is the CO of the crystal 
itself plus an estimated 
7 pF to 


account 
for 
the 
XTALI-to-XTAL2 
pin 
capacitance, 


plus any other 
stray capacitance 
paralleling 
the crystal 


that the user may feel is significant 
enough 
to be includ- 
ed. 


Then the program 
asks for the values of the XTALI-to- 


ground 
and 
XTAL2-to-ground 
capacitances. 
For 


CXTALI, 
enter 
the value 
of the externally 
connected 


bulk 
capacitor 
plus an estimated 
7 pF for pin capaci- 


tance. 
For 
CXTAL2, 
enter 
the value of the externally 


connected 
bulk capacitor 
plus an estimated 
7 pF for pin 
capacitance 
plus about 
20 pF to simulate 
high-frequen- 


cy roll-off 
and phase 
shifts in the on-chip 
circuitry. 


Next 
the program 
asks for values 
for the small-signal 


parameters 
of the on-chip 
amplifier. 
Typically, 
for the 


8051/8751, 


Amplifier 
Gain 
Magnitude 
Feedback 
Resistance 
Output 
Resistance 


15 
2300 Kfl 
2 Kfl 


The same values 
can be used for MCS-48 
(NMOS 
and 


HMOS) 
devices, but they are difficult 
to verify, because 


the Schmitt 
Trigger 
does not lend itself to small-signal 


measurements. 


100 DEFDDL 
C.D.F.Q.L.P.R.S.X 
200 REM 
300 
REM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
400 REM 
500 REM 
600 
REM 
700 REM 
BOO REM 
FNZM(R.X) 
= MAGfHTUDE 
OF 
A COMPLEX 
NUMBER. 
:R+JX: 
900 
DEF FNZM(R.X) 
SOR(R'2+X'21 
1000 REr1 
1100 REM FNZPIR. Xl 
1200 REM 
1300 REM 
1400 REM 
1500 DEF FNZP(R.X) 
1600 REM 
1700 REM 
IBOO REM 
1900 REM 
2000 
DEF 
2100 
DEF 
2200 
REM 
2300 
REM 
2400 
REM 
2500 
REM 
2600 
REM 
2700 
DEF 
2BOO 
DEF 
2900 
REM 
3000 
REM 
3100 
REM 
3200 
REM 
3300 
REM 
3400 
REM 
3500 
DEF FNRRIRA.XA.RB. 
XBI 
3600 
DEF FNXR(RA. XA.RB.XBI 
3700 
REM 
3BOO 
REM 
3900 
REM 
4000 
REM 
4100 
DEF FNRM(RA. XA.RB.XBI 
4200 
DEF FNXM(RA.XA.RB. 
XB) 
4300 
REM 
4400 
REM 
4500 
REM 
4600 
REM 
4700 
REM 
4BOO 
REM 
4900 
REM 
5000 REM 
5100 REM 
5200 REM 
5300 REM 
5400 REM 
5500 
DEF 
5600 
DEF 
5700 REM 
~800 REM 
•••••••••••• 
** ••••••••• 
** •••••••••••••••• 
** ••••••••••••••••••••••••••• 
5900 REM 
6000 
REM 
6100 
REM 
6200 
LET 
PI = 3. 14159265411 
6300 
REM 
6400 
REM 
6'00 
GOSUa 
14'00 
6600 
REM 
6700 
REM 
ESTABLISH 
NOIllNAL RESONANT 
ANn ANTIRESONAtH 
CRYSTAL 
FREQUENCIES 


6800 
FS 
~ 
FIX(1/(2*PI.SOR(Ll*Cl») 


6900 FA = FIX(1/(2.PI.SQR(Ll.Cl.CO/(Clt~Oi»i 
7000 PRINT 
7100 PRINT 
"XTAL 
IS SERIES 
RESONANT 
AT 
".FS." 
HZ" 
7200 
PRINT 
PARALLEL 
RESONANT 
AT 
".FA. 
HZ" 


7300 
PRINT 


7400 
PRINT 
"SELECT 
7500 
PRINT 
7600 
PRINT 


7700 
PRINT 


'BOO PRINT 


ANGLE 
OF A COMPLEX 
NUMBER 


IBO/PI*ARCTANIX/RI 
IF R>O 


180/PI*ARCTAN(X/R) 
+ 
180 
IF 
R<O 
AND 
X>O 


IBO/PI*ARCTANIX/RI 
.. IBO 
IF R<:O AND 
X(O 


= 
IBO/PI*ATN(X/R) 
- 
ISGNIR)-I)*SGNIX)*90 


INDUCTIVE 
IMPEDANCE 
AT COMPLEX 
FREQUENCY 


Z • 
2*PI*S*L 
+ 
J2*PI*F*l. 
• 
FNRL(S,L) 
+ 
JFNXL(F,L) 
FNRLISL.LL) 
= 2'*PI*SL*LL 
FNXLIFL.LL) 
= 2,*PI*FL*LL 


CAPACITIVE 
IMPEDANCE 
AT COMPLEX 
FREQUENCY 
S+JF 
(HZI 


Z = 
li[~.PI.{S+JF)*C) 
= S/(2.PI*(S~2.F·2)*CJ + 
J(-F)/(2.PI*(S~2+F~2)C] 


= FNRC(S.F.CI 
+ 
JFNXC(S.F.C) 


FNRC(SC.FC.CC) 
= 
SC/(2 ••PI*(SC 
2+FC~2)*CC) 
FNXC(SC.FC.CCI 
= -FC/(2'*PI*(SC"2+FC"'2)*CCI 


RB-2+XB~2 
RB-2+XB-2 


FNRR(RA. XA.RB. XDI + JFNXRIRA. XA.RB. XB) 
= 
(RA.Rn+XA.xn)/(RnA2+XB~2) 
= 
(XA.RB-XB.RA)/(RD~2+XD~2) 


PRODUCT 
OF TWO COMPLEX 
NUMBERS 


(RA+JXA}*(RB+JXB) 
RA*RD-XA*xa 
+ 
J(XA*RB+RA*XB) 


FNRM(RA. XA.RD. XB) + 
JFNXM(RA. XA.RB.XBI 


RA*RD 
- 
XA*XD 
RA*XB 
+ 
RB*XA 


• FNRP<RA. XA.RB.XB) 
+ JFNXP(RA.XA.RB. XB) 
FNRP(RA. XA.RB. XB) = 
(RA*(RB"2+XB'21 
+ RB*(RA-2+XA"21 
)/«RA+RB)"2 
+ 
<XA+XD)A2) 
FNXP(RA.XA.RB.XB) 
• 
(XA*(RB"2+XD-21 
+ XB*(RA~2+XA"21)/«RA+RB)A2 
+ 
(XA+XD)A2) 


LIST 
PARAMETERS" 
CIRCUIT 
ANALYSIS" 
OSCILLATION 
FREGUENCf" 


START ..UP TIME CONSTANT" 
STEADY-STATE 
ANAl.YSIS" 


7900 
PRINT 
8000 
INPUT 
N 
8100 
IF 
N~I 
THEN 
PRINT 
ELSE 
8600 


8200 
REM 
8300 
REM 
-------------------- 
LiST 
PARAMETERS 
---------------------------- 


8400 
GOSUB 
17100 
8500 
GOTO 
6800 
8600 
IF 
N-2 
THEN 
PRINl" 
ELSE 
9400 
8700 
REM 
8800 
REM 
- -------- 
--_. -- 
-- 
•._-- 
r IRcut 
T 
ANAL VSIS 
- -------------------------- 


8900 
PRINT" 
FREQUENCY 
S"·)F 
TYPE 
(5), 
rFl 
•• 
9000 
INPUT 
SQ,FQ 
9100 
GOSUB 
20200 
q~OO QOSUB ~o600 
9300 
GOTO 
6800 
9400 
IF 
N=3 
THEN 
10300 
ELSE 
11000 
9500 
REM 
9600 
REM 
•• ---------------- 
OSCILLATION 
FREQUENCY 
------------------------ 


9700 
CL 
- 
CX*Cy/<cx+C') 
+ 
co 
9800 
FO 
s 
FIX<1/(2*PI-SQR<Ll*Cl*CL/(Cl+Ct.»» 
9900 
SQ 
- 
0 
10000 
OF 
• 
FJ X ( 10 ..•·JNT (LOG 
(FA-FS) 
fLOG 
( 10) 
-,2) 
+. 5) 


10100 
OS 
- 
0 
10200 
RETURN 
10300 
GOSUB 
9700 
10400 
GOSUB 
30300 
10500 
PRINT 
10600 
PRINT 
10700 
PRINT 
"FREQUENCY 
AT 
WHICH 
LOOP 
GAIN 
HAS 
ZERO 
PHASE 
ANGLE 
" 
10800 
OOSUB 
26600 
10900 
OOTO 
6800 
11000 
IF 
N-4 
THEN 
PRINT 
ELSE 
12200 


11100 
REM 
11200 
REM 
---------------- 
START-UP 
TIME 
CONSTANT 
------------------------- 


11300 
PRINT 
"THIS 
WILL 
TAKE 
SOME 
TIME 


11400 
OOSUB 
9700 
11500 
OOSUB 
37700 
11600 
PRINT 
11700 
PRINT 
11800 
PRINT 
"FREQUENCY 
AT 
WHICH 
LOOP 
GAIN 
= 
1 AT 
0 
DEGREES" 
11900 
OOSUB 
26600 
12000 
PRINT 
PRINT 
"THIS 
YIELDS 
A 
START-UP 
TIME 
CONSTANT 
OF 
",CSNG(1000000~/(2.PI.SO»;" 
••• 
leROSECS" 
12100 
OOTO 
6800 
, 
12200 
IF 
N-5 
THEN 
PRINT 
ELSE 
7300 


12300 
REM 
12400 
REM 
---------------- 
STEADY-STATE 
ANALYSIS 
--------------------------- 


12500 
PRINT 
"STEADY-STATE 
ANALYSIS" 
12600 
PRINT 
12700 
PRINT 
"SELECT: 


12800 
PRINT 
12900 
PRINT 
" 
13000 
PRINT 
13100 
INPUT 
ICro 
13200 
IF 
ICX<l 
OR 
ICro;. 
THEN 
12600 
13300 
OOSUB 
46900 
13400 
OOTO 
7300 
13500 
REM 
SUBROUTINE 
BELOW 
DEFINES 
INPUT-OUTPUT 
CURVE 
OF 
OSCILLATOR 
CKT 


13600 
IF 
ICXJ2 
AND 
VO=5 
AND 
Vl~2 
THEN 
RETURN 


13700 
va 
• 
-IO_VI 
+ 
15 


13800 
IF 
VOJ5 
THEN 
VO 
= 
5 


13900 
IF 
VO< 
2 
THEN 
VO 
- 
2 


14000 
IF 
ICXJ2 
AND 
VO)2 
THEN 
VO 
= 
5 


14100 
RETURN 
14200 
REM 
14300 
REM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* 


14400 
REM 
14500 
REM 
14600 
REM 
14700 
INPUT" 
Rl 
<OHMS''',Rl 
14800 
INPUT" 
Ll 
(HENRY' 
",Ll 


14900 
INPUT" 
Cl 
(PF' ", X 
1'000 
CI 
• 
X*IE-12 
15100 
INPUT" 
CO 
(PF''', X 
15200 
CO 
= 
X*lE-12 
15300 
INPUT" 
CHALl 
(PF''',X 
15400 
CX 
= 
X*lE-12 
15500 
INPUT 
" C HAL2 
(PF>", X 
15600 
CV 
• 
X*IE-12 


1 
8031/8051" 


2. 
8751" 


3 
8035/8039/8040/8046/8049" 


4 
8748/8749" 


inter 


1~700 
1~800 
1~900 
16000 
16100 
16200 
16300 
16400 
16~00 
16600 
16700 
16800 
16900 
17000 
17100 
17200 
17300 
17400 
17~00 
17600 
17700 
17800 
17900 
18000 
18100 
18200 
18300 
18400 
18~00 
18600 
18700 
18800 
18900 
19000 
19100 
19200 
19300 
19400 
19~00 
19600 
19700 
19800 
19900 
20000 
20100 
20200 
20300 
20400 
20~00 
20600 
20700 
20800 
20900 
21000 
21100 
21200 
21300 
21400 
21~00 
21600 
21700 
21800 
&!l'?OO 
22000 
22100 
22200 
22300 
22400 
22~00 
22600 
22700 
22800 
22900 
23000 
23100 
23200 
23300 
23400 


INPUT" 
GAIN 
I'ACTaR 
MAGN!TUDE",AV. 


INPUT 
., AMP 
FEEDBACK 
RESISTANCE 
(K-OHMS)", 
X 


RX 
= 
)'*1000. 


INPUT" 
AMP 
OUTPUT 
RESISTANCE 
CK-(IHI1S)", X 
100 = 
'*1000. 
REM 
REM 
REM 
GOSUB 
17100 


RETURN 
REt1 
REf1 
REM .*** ••• *.**~4••*•• *.·* •••• ~~*a.4••~.*••••••••••*•• *•••• *.** ••• 
REf1 
REr" 
REM 
PRINT 
PRINT 
"CURRENT 
PARAMETER 
VALUES 
PRINT 
PRINT 
PRINT" 
PRINT" 
PRINT 
" 


PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
"TO 
CHANGE 
A 
PARAMETER 
VALUE. 
TYPE 
CPARAM 
NO 
>. CNEW 
VALUE) 
" 


PRINT 
"OTHERWISE. 
TYPE 
0,0 
" 
INPUT 
NY-,X 
II' NY-aO 
THEN 
II' NY-=I 
THEN 


IF 
N'l.=2 THEN 
II' NY-a3 
THEN 


II' NY-=4 
THEN 
II' NY-=~ 
THEN 
II' NY-a6 
THEN 
II' NY-a7 
THEN 
IF 
NY-=8 
THEN 
IF 
NY-=9 
THEN 
GOTO 
17400 
REM 
REM 
REM 
•••••••••••• *•••••••••••••• 
**••••••••••••••••••••••••••••••••• 


REM 
RE'" 
RE'" 
RE'" 
RE'" 
REM 
I. Cryst.l 
l~p.dance 
RE 
+ 
JXE 


RE'" 
Xl 
= 


RE 
= 
XE 
= 
REM 
RE'" 
2 
101'+ 
JXF 
RE'" 
101'= 
FNRP(RX,O,RE,XE) 
XI' = 
FNXP(RX.O.RE,XE) 
REM 
REM 
3 
Input 
Impedanc@ 
II 
REM 
101 = 
FNRC(SG,FG,C<) 
XI 
= 
FNXC(SG,FG,C,) 
REM 
REM 
4 
Load 
lmpedance 


REM 
RL 
= 
FNRP«RF+RII 
(XF.XII,FNRC<SQ 
FQ.CY),FNXC(SQ,FG,CY» 


XL 
= 
FNXP({RF+RI), 
(XF+XI 
l. 
FNRC(SGl. 
Hi. 
r:.y~.J'="NXC<SQ,FQ, 
CV}) 
REM 
REM 
5 
Ampllfl~T 
gain 
A 
= 
-AV*ZL/,ZL4PO) 
REM 
= 
A/read 
i 
+ 
jA( 
Imaginary) 
REM 
AI'. 
AI41 
REM 
REM 
6 
FeedbaL~ 
ra~lo 
~~~ta' 
REM 


101 
", R 1," 
OHMS" 


2 
Ll 
", CSNG(Ll)," 
HENRY" 


3 
CI 
", CSNG(CI*IE+12)," 
PI''' 


4 
CO 
", CSNGCCO*IE+12)," 
PI''' 
5 
CXTAL1:;: 
".CSNG(CX*lE-+l~)' 
II 
PF" 
6 
CXTAL2 
= 
·'.CSNG(CY*lE-+12)." 
PF" 


AMPL! 
FIEI' 
GA IN 
MAGN 
!TUDE 
"; AV. 
FEEDBACK 
RESISTANCE 
",CSNGCRX* 
001)," 
K-OHMS" 
OUTPUT 
RESISTANCE 
",CSNGCRO* 
001)," 
K-OHMS" 


RETURN 
101 
X 


LJ 
X 
Cl 
= 
X*lE-12 


CO 
X*lE-12 


CX 
~ 
X*lE-12 


CV 
= 
X*lE-12 


AV. 
= 
X 
RX 
X*looO' 


100 = 
hIOOO' 


FNXL(FQ,Lli 
-+ 
FNXC'SO.FQ,Cli 
FNRP 
«RI+I'NRLCSG, 
Ll) >FNRC 
(SG, FG, C I) I, X J. FNRC 
(SG, FG, CO), FNXC 
(SG, FG, CO» 
I'NXP«RI+FNRL(SG,LI)+FNRC(SG,FG,CI'I,XI,FNRC(SG,FG,CO),FNXC(SG,FO.CO» 


23~00 
23600 
23700 
~3800 
23900 
24000 
24100 
:24200 
24300 
24400 
=!4500 
24600 
24700 
24800 
24900 
25000 
2~100 
2~200 
2~300 
2~400 
2~~00 
2~600 
2~700 
25800 
25900 
26000 
26100 
26200 
26300 
26400 
26~00 
26600 
26700 
26800 
26900 
27000 
0/7100 
27200 
27300 
27400 
27500 
27600 
27700 
27800 
27900 
28000 
28100 
28200 
28300 
28400 
28~00 
28600 
28700 
28800 
28900 
29000 
29100 
29200 
29300 
29400 
29~00 
29600 
29700 
29800 
29900 
30000 
30100 
30200 
30300 
30400 
30~00 
30600 
30700 
30800 
30900 
31000 
31100 
31200 


REM 
BR. 
= FNRR(RI. X I.cRI+RF). IXI+XF) l 
CU. 
FNXR(RI.Xr. 
(RI+RFI, 
()'!+XFI) 
REM 
REM 
7 
REM 
A = FNZMIAR.,AI.) 
AP = FNZP(AR.,AI.) 
REM 
REM 
8 
(beta) 
In 
magnItude/phase 
form 
DP+JAI 


REM 
B = FNZMIBR •.BI.) 
BP = FNZP(BR.,BI.) 
REM 
REM 
9 
Loop 
gain 
G 
= 
(BR+JBII.fAR+JAII 
REM 
"" G(real) 
+ 
JGflmaglnary) 
REM 
GR = FNRMIAR.,AI.,BR.,DI.) 
GI • FNXMIAR.,AI.,DR.,BI.) 
REM 
REM 
10 
REM 
AL • FNZM(GR,GI) 
AG • FNZPIGR,GI) 
RETURN 
REM 
REM 
REM 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


REM 
REM 
REM 
PRINT 
PRINT 
FREGUENCY 
= ",SG," 
+ J",FG," 
HZ" 
PRINT 
XTAL 
IMPEDANCE 
= ",FNZM(RE, XE)," 
OHMS 
AT 
",FNZPIRE,XE);" 
DEGREES" 
PRINT 
(RE = ";CSNGIRE)," 
OHMS)" 
PRINT" 
(XE = ";CSNG(XE);" 
OHMS)" 
PRINT" 
LOAD 
IMPEDANCE 
",FNZMCRL, XL)," 
OHMS 
AT 
",FNZPIRL, XL);" 
DEGREES" 
PRINT" 
AMPLIFIER 
GAIN 
= ",A," AT 
",AP," 
DEGREES" 
PRINT" 
FEEDBAC'" RATIO 
= ",D," AT 
",DP," 
DEGREES" 


PRINT" 
LOOP 
GAIN 
= 
",AL," 
AT 
",Aa," 
DEGREES" 
RETURN 
REM 
REM 
REM 
••••••• *•••••••••••••••••••••••••••••••••••• 
**•••••••• *** •••• * 


REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
QQSUB 
20200 
GOSUB 
26600 
IF GI=O 
THEN 
RETvRN 


SXX 
= 
INT<SGNIGI» 
IF SXX=+I 
THEN 
OS 
-OS 


REM 
(REVERSAL 
OF OS FOR ClOD 
IS FOR 
THE POLE-SEARCH 
ROUTINE) 


REM 
REM 
2 
INCREMENT 
THE FREGUENCY 
REM 
SP 
= sa 


This 
routine 
searches 
for 
the 
fr.~uency 
at 
which 
the 
imaginary 
part 
of 
the 
loop 
gaIn 
15 
zero 
Th~ 
algorIthm 
15 
a5 
follo~~. 


1. 
Calculate 
the 
sign 
of 
the 
ImagInary 
part 
of 
the 
loop 
gain 
<GI). 


2 
Increment 
the 
frequency 
3. 
Calculate 
the 
sign 
of 
GI 
at 
the 
Incremented 
fre~uency. 


~ 
If 
the 
sign 
of 
GI 
h.s 
not 
changed. 
go 
back 
to 
2 


5. 
If 
the 
slgn 
of 
GI 
has 
changed. 
and 
this 
frequency 
is 
within 


1Hz 
of 
the 
previous 
sign-change. 
eXlt 
the 
routine 


6. 
Otherw1se. 
diVIde 
the 
frequency 
increment 
by 
-10. 


7. 
Go back 
to 
:2 


The 
routine 
1S 
entered 
wlth 
the 
starting 
frequency 
SQ+JFQ 
and 


starting 
increment 
DS+JDF 
already 
defined 
by 
the 
calling 
program. 


In 
actual 
use 
either 
OS 
or 
OF 
1S 
zero. 
so 
the 
routine 
s.arches 
for 


• 
GI=O 
pOInt 
by 
Increment1ng 
either 
SO 
or 
FQ 
whIle 
holdlng 
the 
other 
constant. 
It 
returns 
control 
to 
the 
calling 
program 
w1th 
the 


lncremented 
part 
of 
the 
frequency 
being 
Within 
1Hz 
of 
the 
actual 


GI=O 
pOlnt 


31300 
FP 


31400 
SQ 
31500 
FQ 
31600 
REr1 
31700 
REM 
3 


31800 
REM 
31900 
GOSUn 
20200 
32000 
GOSUn 
26600 
32100 
IF INT<SGN<Glll~O 
THEN RETURN 
32200 
REM 
32300 
REM 
4 
32400 
REM 


32500 
IF SX7.+INT<SGN(Glll:O 
THEN PRINT 
ELSE 
31400 
32600 
SX7. = -SX7. 


32700 
REM 
32800 
REM 
5 
32900 
REM 
33000 
REM 
33100 
REM 
33200 
REr1 
33300 
IF ABS<SP-SQl<l 
AND ABS<FP-FQl<1 
AND 
SX7.=-1 THEN 
RETURN 


33400 
REM 


33500 
REM 
33600 
REM 
33700 
OS : -05/10. 
33800 
OF = -OF/IO. 
33900 
REM 
34000 
REM 
7 
GO BACK 
TO 2 


34100 
REM 
34200 
GOTO 
31200 
34300 
REM 
34400 
REM 
34~OO REM 
•••••••• 
_••••••••• 
_••••• _••••••••••••••••••••••••••••••••••••• 


34600 
REM 
34700 
REM 
34800 
REM 
34900 
REM 
35000 
REM 
35100 
REM 
35200 
REM 
35300 
REM 
35400 
REM 
35500 
REM 
35600 
REM 
35700 
REM 
35800 
REM 
35900 
REM 
36000 
REM 
36100 
REM 
36200 
REM 
36300 
REM 
36400 
REM 
36500 
REM 
36600 
REM 
36700 
REM 
36800 
REM 
36900 
REM 
37000 
REM 
37100 
REM 
37200 
REM 
37300 
REM 
37400 
REM 
37500 
REM 
37600 
REM 
37700 
GOSUB 
9700 
37800 
GOSUB 
30300 
37900 
REM 
38000 
REM 
2 
38100 
REM 
38200 
SY7. : INT<SGN<AL--I' l; 
38300 
IF SY7.=-1 THEN 
STOP 
38400 
REM 
ESTABLISH 
INITIAL 
INCREMErHATION 
VALUE 
FOR FQ 


38500 
FI = FQ 
38600 
OF : 
<FA-Fll/IO_ 
38700 
GOSUB 
30300 
38800 
DE 
<FQ-Fll/IO. 
38900 
OF 
0 
39000 
FQ = FI 


= FQ 
SO + OS 


'I:: 
FG 
+ 
OF 


IF THE SIGN 
OF GI HAS 
CHANGED. 
A"D 
IF THIS 
FREQUENCY 
IS WITHIN 


1HZ 
OF 
'!'-!E PREVIO •..,S 5!GN-C:H,~!,tGE; 
ANV 
!F 
G! 
IS 
NEGAT!VE; 
THEN 


EXIT 
TH~ ROUTINF. 
'THE ADDITIONAL 
REQUIREMENT 
FOR 
NEGATIVE 
GI 


IS FOR 
THE POLE-SEARCH 
ROUTINE 
l 


This 
Toutine 
seaTches 
for 
the 
fre~uenc~ 
.t 
WhiCh 
the 
loop 
gain 
- 
1 


at 
0 
degrees 
That 
frequency 
J~ 
the 
pole 
frequency 
of 
the 
closed- 


loop 
gain 
functl0n 
The 
pole 
frequency 
is 
a 
compl 
•• 
number, 
SQ+JFG 


(Hz) 
Oscillator 
start-up 
en5ueS 
if 
50:0 
The 
algorithm 
IS 
b ••• d 
on 


the 
calculated 
behaVior 
of 
the 
phase 
angl. 
of 
the 
loop 
galn 
In 
the 


region 
of 
interest 
on 
the 
complex 
plane 
The 
locus 
of 
pOlnts 
of 
zerO 
phase 
.ngle 
C~055e5 
the 
J-a'ls 
at 
th~ 
oscillation 
f~~quenc~ 
and 
.t 


lome 
highe~ 
~r.quency. 
In 
between 
these 
two 
cro5~ings 
of 
the 
J-.xis. 
the 
locus 
lIes 
In 
Quadrant 
I 
of 
the 
comple, 
plane, 
forming 
an 


.pproxim.te 
parabola 
WhICh 
opens 
to 
the 
left. 
The 
baSIC 
plan 
is 
to 


follow 
the 
locus 
from 
where 
It 
cro~ses 
the 
J-axiS 
at 
the 
o5cill.tion 


fre~uency, 
Into 
Quadrant 
t. 
and 
find 
the 
pOInt 
on 
that 
locus 
where 


the 
loop 
gain 
has 
a 
magnItude 
of 
1 
The 
algorithm 
is 
.5 
follows: 
1 
Find 
thi' 
05cliiation 
frequency. 
O+JFG 


2 
At 
thIS 
frequency 
calculate 
the 
SIgn 
of 
(AL-l) 
(AL 
= 
magnitude 
of 
loop 
gaIn) 


3 
Increment 
FO 


4 
For 
thIS 
value 
of 
Fa, 
fInd 
the 
value 
of 
SO 
fOT 
which 
the 
loop 


gain 
has 
zero 
phase 


For 
thiS 
value 
of 
SG+JFG. 
calculate 
the 
SIgn 
of 
<AL-l) 
If 
the 
SIgn 
of 
<AL-1) 
~a5 
not 
c~anged. 
go 
back 
to 
3 


If 
the 
sIgn 
of 
<AL-I) 
has 
changed. 
and 
thIS 
value 
of 
FQ 
15 


WIthIn 
1Hz 
of 
the 
preVIOUS 
Sign-change. 
eXit 
the 
routine. 
8 
OtherWIse, 
dIVide 
the 
FO-lncrement 
by 
-10 


9 
Go bat!( 
to 
3 


39100 
REM 
39200 
REM 
3 
INCREMENT 
FO 


39300 
REM 
39~00 
FO - FO + DE 
3'''00 REM 
39600-REM 
39700 
REM 
39800 
REM 
39900 
REM 
~OOOO 
REM 
40100 
OS - 
1000_ 
40200 
SO - 0 
40300 
GOSUB 
30300 
40400 
IF AL-I' 
THEN 
RETURN 


40'00 
REM 
40600 
REM 
, 
40700 
REM 
0 
40800 
REM 
40900 
IF SY'l.+INTISON(AL-I'»=O 
THEN 
PRINT 
ELSE 
39400 


41000 
REM 
41100 
REM 
7. 


41200 
REM 
41300 
REM 
41400 
IF ABS(FI-FO><I 
THEN RETURN 


41'00 
REM 
41600 
REM 
41700 
REM 
41800 
DE - -DEliO. 
41900 
Fl - FO 
42000 
5YX 
• -SY'l. 
42100 
REM 
42200 
REM 
9. 00 BACK 
TO 3. 


42300 
REM 
42400 
OOTO 
39400 
42:500 REM 
42600 
REM 
42700 
RE" 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


42800 
REM 
42900 
REM 
43000 
REM 
43100 
REM 
43200 
REM 
43300 
REM 
43400 
REM 
43'00 
REM 
43600 
REM 
43700 
REM 
43800 
REM 
43900 
REM 
44000 
REM 
44100 
REM 
44200 
REM 
44300 
REM 
44400 
REM 
44'00 
REM 
44600 
REM 
44700 
REM 
44800 
REM 
44900 
REM 
4'000 
REM 
4'100 
REM 
4'200 
REM 
2. 


4'300 
REM 
3 
4'400 
REM 
45500 
REM 
4'600 
REM 
4'700 
REM 
~'800 
REM 
45900 
REM 
40000 
REM 
7. 


46100 
REM 
46200 REM 
8 
~0300 
REM 
46~00 
REM 
40500 
REM 
9 
~6600 
REM 
~6700 
REM 
40800 
REM 


4. FOR 
THIS 
VALUE 
OF FO. 
FINO 
THE VALUE 
OF SO FOR 
WHICH 
THE LOOP 


OAIN 
HAS 
ZERO PHASE 
(THE ROUTINE 
WHICH 
DOES 
THAT 
NEEDS 
OF - O. 


SO THAT 
IT CAN 
HOLD 
FO CONSTAfn. 
AND 
NEEDS 
AN 
INITIAL 
VALUE 
FOR 
OS. WHICH 
IS ARBITRARILY 
SET 
TO OS = 
1000 
) 


The 
circuit 
model 
used 
in 
thl~ 
.nal~sls 
IS 
similar 
to 
the 
one 
us.d 


in 
the 
small-signal 
an.l~sls. but 
dIffers 
from 
it 
in 
two 
respects. 


First. 
it 
Includes 
clampIng 
and 
clIppIng 
.ffects 
described 
in 
the 
telt. 
Second. 
the 
voltage 
source 
in 
the 
Thev.nin 
equivalent 
of 
the 
amplifier 
IS 
controlled 
by 
t~e 
input 
voltage 
In 
accordance 
~ith 
an 
input-output 
curve 
defined 
elsewhere 
In 
the 
program. 


The 
analysis 
applIes 
a 
SInusoidal 
input 
signal 
of 
arbitrary 


amplitude 
•• 
t 
the 
OSCIllatIon 
freClvenc~. 
to 
the 
XTALl 
pi.n. 
then 


calculates 
the 
resultIng 
wav@form 
from 
th. 
voltage 
source. 
Using 


standa~d 
Fou~i.r 
techniqu.s. 
th. 
fundam.ntal 
frequenc~ 
component 
of 
this 
wav.form 
15 
extracted 
This 
frequenc~ 
component 
is 
then 


multiplied 
bll the 
factor 
:ZL/tZL 
.•. 
ROJ:. 
and 
the 
rltsult 
is 
taken 
to 
b. 
the 
signal 
appearing 
at 
th. 
XTAL2 
pin 
This 
Signal 
is 
then 


multiplied 
b~ 
the 
f•• dback 
ratio 
(b.taJ. 
and 
the 
result 
is 
taken 
to 


be 
the 
signal 
appearing 
at 
the 
XTAL1 
pin 
The 
algorithm 
i.s no~ 


repe.ted 
uSing 
this 
computed 
XTAL1 
Signal 
as 
the 
assumed 
input 


sinusoid. 
Ev.r~ 
time 
th •• 
lgorlth~ 
15 
repe.ted. 
new 
values 
.pp •• r 
.t 
XTAL1 
and 
XTAL2. 
but 
the 
values 
c~ang. 
l.ss 
and 
1.55 
with 
each 


rep.tition. 
Eventualill 
t~.11 stop 
changing 
ThiS 
is 
the 
ste.d~-state. 


The 
algorithm 
i5 
a5 
follows 


Comput. 
app~oximate 
OSCillation 
frequ.nc~ 


Call 
a 
circuit 
analySIS 
at 
thiS 
frequt'ncy. 


Find 
the 
quiescent 
levels 
at 
XTAL1 
and 
XTAL~ 
(to 
.st.blish 
the 
beginning 
DC 
lev.l 
at 
XTAL1) 
4. 
Assume 
an 
initial 
amplitude 
for 
the 
XTAL1 
signal. 


5. 
Correct 
the 
DC 
level 
at 
XTAL1 
for 
clamping 
effects. 
if 
n.c.ss.r~. 


6. 
Using 
the 
approprlat. 
Input-output 
curv •• 
extract 
a 
DC 
level 
and 
the 
fundamental 
frequ.nc~ 
componpnt 
(multiplying 
the 
latt.r 
by 
: ZLI 
(ZL+RO >:). 


Clip 
off 
the 
negatlv. 
portion 
of 
thiS 
output 
Signal. 
if 
the 


nt'Qative 
peak 
fa!l~ 
below 
:e~o 
If 
thiS 
SIgnaL 
multIplied 
by 
(beta). 
differs 
from 
the 
input 


amplitude 
bll less 
than 
JmV· 
or 
If 
the 
algorithm 
has 
be.n 
rep.ated 


10 
times 
.• 
Jlt 
the 
routIne 
Oth.rWlsP. 
multiply 
th. 
X1AL2 
amplItude 
by 
(b@ta) 
and 
f •• d 
it 
b.c~ 
to 
)'TAL1. 
and 
go 
bac~ 
to 
5 
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016900 
017000 
47100 
47200 
47300 
47400 
47'00 
47600 
47700 
47800 
47900 
48000 
48100 
48200 
48300 
48400 
48'00 
48600 
48700 
48800 
48900 
49000 
49100 
49200 
49300 
49400 
49'00 
49600 
49700 
49800 
49900 
'0000 
'0100 
'0200 
'0300 
:10400 
'0'00 
'0600 
'0700 
'0800 
'0900 
'1000 
'1100 
'1200 
'1300 
'1400 
'1'00 
'1600 
'1700 
'1800 
'1900 
52000 
52100 
52200 
'2300 
52400 
52500 
'2600 
527QO 
52800 
52900 
53000 
53100 


GOSUB 
9700 
REM 
REM 
GOSUB 
PRINT 
GOSUB 
PRINT 
REM 
REM 
3 
FIND 
QUIESCENT 
POINT 


REM 
(At 
qui.~c.nc. the 
volt~g.i 
at 
XTALl 
and 
XTAL2 
ar. 
equal 
This 


REM 
voltage 
level 
IS 
found 
b~ 
trlal-and-error, 
based 
on 
the 
input- 


REM 
output 
curve. 
so 
that 
a 
person 
can 
change 
the 
Input-output 
curve 


REM 
as 
d •• ired 
Without 
haVing 
to 
re-calculate 
the 
qUiescent 
point. 
) 
VI 
- 
0 
VB 
- 
I 
1'.1 
- 
I 
VI - VI + VB 
GOSUB 
13600 
IF ABS(VO-VI)<.OOI 
THEN 
49200 


IF KI+SGN(VO-VI)=O 
THEN 
48900 
ELSE 
48500 


1'.1- SGN(VO-VI) 
VB - -VB/IO 
GO TO 48500 
VB - VI 
PRINT 
"QUIESCENT 
POINT 
= ".VB 


REM 
REM 
EI 
- 
NRX 
REM 
REM 
5. CORRECT 
FOR CLAMP ING EFFECTS. 
IF NECESSARY. 


REM 
(~1 
and 
K~ 
are 
curve-fitting 
parameters 
for 
the 
ROM 
parts. 


1'.1- 
(2 5-VB)/(3-VBl 
1'.2= 
(VB-I 25)/(J-VB) 
IF ICX-2 OR 
ICX-4 THEN 
IF EI«VB+ 
5) THEN EO 
• VB ELSE 
EO - EI - ., 


IF ICX-I OR 
ICX-3 THEN 
IF EI«VB+ 
5) THEr~ EO 
VB ELSE 
EO • KI*EI+K2 


NRX 
= NRX 
+ 
I 
REM 
REM 
VO • 0 
VC - 0 
VS 
• 
0 
FOR NX • -25 
TO +24 
VI - EO - EI*COS(PI*NY./2S) 
GOSUB 
13600 
va 
• 
va 
+ va 
vc 
: 
vc 
+ 
VO*COSCPI*N'l./25l 
VS 
• 
VS 
+ 
VO*SINCPI*N'l./25> 
NEXT 
NY. 


VO = VO/50 
VI = SQR(VC~2+VS"2)/25*FNZM(RL. 
XU/FNZM< 
(RL+ROl. xu 


REM 
REM 
7 
CLIP 
XTAL2 
SIGNAL 


IF VO-VI<O 
THEN 
VL = 0 ELSE 
VL • VO-VI 
PRINT 
PRINT 
"XTALI 
SWING 
= 
". EO-E!. " TO 
".EO+EI 
PRINT 
"XTAL2 
swam 
= 
". VL." 
TO 
".VO+VI 


REM 
REM 
8. TEST 
FOR 
TERMINATION 
IF. I\nS!EI-y.l*En<. 
C'CI Of' NR'l,=l') 
THEN PETIJ~"J 


REM 
REM 
EI 
= 
GO TO 


2. CALL 
20800 
PRINT 
26600 
PRINT 


4. ASSUME 
AN 
INITIAL 
AMPLITUDE 
FOR 
THE 
XTALI 
SIGNAL. 
01 
- 0 


9 
vI*e 
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APPLICATION 
NOTE 


Designing With The 80C51BH 


TOM WilliAMSON 
MCO APPLICATIONS 
ENGINEER 


The original CMOS logic families were the 4OQO-series 
and the 74C-series circuits. The 74C-series circuits are 
functional equivalents to the corresponding numbered 
74-series TTL circuits, but have CMOS logic levels and 
retain the other well known characteristics of CMOS 
logic. 


These characteristics are: low power consumption, high 
noise immunity, and slow speed. The low power con- 
sumption is inherent to the nature of the CMOS circuit. 
The noise immunity is due partly to the CMOS logic 
levels, and partly to the slowness of the circuits. The 
slow speed is due to the technology used to construct 
the transistors in the circuit. 


The technology used is called metal-gate CMOS, be- 
cause the transistor gates are formed by metal deposi- 
tion. More importantly, the gates are formed after the 
drain and source regions have been defined, and must 
overlap the source and drain somewhat to allow for 
alignment tolerances. This overlap plus the relatively 
large size of the transistors themselves result in high 
electrode capacitance, and that is what limits the speed 
of the circuit. 


High speed CMOS became feasible with the develop- 
ment of the self-aligning silicon gate technology. In this 
process 
polysilicon 
gates are deposited 
before 
the 


source and drain regions are defined. Then the source 
and drain regions are formed by ion implantation using 
the gate itself as a mask for the implantation. This elim- 
inates most of the overlap capacitance. In addition, the 
process allows smaller transistors. The result is a signif- 
icant increase in circuit speed. The 74HC-series of 
CMOS logic circuits is based on this technology, and 
has speeds comparable to LS TTL, which is to say 
about 10 times faster than the 74C-series circuits. 


The size reduction that contributes to the higher speed 
also demands an accompanying reduction in the maxi- 
mum supply voltage. High-speed CMOS is generally 
limited to 6V. 


CHMOS is the name given to Intel's high-speed CMOS 
processes. There are two CHMOS processes, one based 
on an n-well structure and one based on a p-well struc- 
ture. In the n-well structure, n-type wells are diffused 
into a p-type substrate. Then the n-channel transistors 
(nFETs) are built into the substrate and pFETs are 
built into the n-wells. In the p-well structure, p-type 
wells are diffused into an n-type substrate. Then the 
nFETs are built into the wells and pFETs, into the 


.UU>lrau:. nom 
processes have their advantages and 


disadvantages, which are largely transparent 
to the 


user. 


Lower operating voltages are easier to obtain with the 
p-well structure than with the n-well structure. But the 
p-well structure does not easily adapt to an EPROM 
which would be pin-for-pin compatible with HMOS 
EPROMs. On the other hand the n-well structure can 
be based on the solidly founded HMOS process, in 
which nFETs are built into a p-type substrate. This 
allows somewhat more than half of the transistors in a 
CHMOS chip to be constructed by processes that are 
already well characterized. 


Currently Intel's CHMOS microcontrQllers and memo- 
ry products are n-well devices, whereas CHMOS mi- 
croprocessors are p-well devices. 


Further discussion of the CHMOS technology is pro- 
vided in References I and 2 (which are reprinted in the 
Microcontroller Handbook). 


The 80C5IBH is the CHMOS version oflntel's original 
8051. The 80C3lBH is the ROMless 80C5IBH, equiva- 
lent to the 8031. These CHMOS devices are architec- 
turally identical with their HMOS counterparts, except 
that they have two added features for reduced power. 
These are the Idle and Power Down modes of opera- 
tion. 


In most cases, an 80C51BH can directly replace the 
8051 in existing applications. It can execute the same 
code at the same speed, accept signals from the same 
sources, 
and 
drive the 
same loads. 
However, 
the 


80C51BH covers a wider range of speeds, will emit 
CMOS logic levels to CMOS loads, and will draw about 
1110 the current of an 8051 (and less yet in the reduced 
power modes). Interchangeability between the HMOS 
and CHMOS devices is discussed in more detail in the 
final section of this Application Note. 


It should be noted that the 80C5IBH CPU is not static. 
That means if the clock frequency is too low, the CPU 
might forget what it was doing. This is because the 
circuitry uses a number of dynamic nodes. A dynamic 
node is one that uses the note-to-ground capacitance to 
form a temporary storage cell. Dynamic nodes are used 
to reduce the transistor count, and hence the chip area, 
thus to produce a more economical device. 


This is not to say that the on-chip RAM in CHMOS 
microcontrollers is dynamic. It's not. It's the CPU that 
is dynamic, and that is what imposes the minimum 
clock frequency specification. 


inter 


Latchup is an SCR-type turn-on phenomenon that is 
the traditional 
nemesis of CMOS systems. The sub- 


strate, the wells, and the transistors form parasitic pnpn 
structures within the device. These parasitic structures 
turn on like an SCR if a sufficient amount of forward 
current is driven through one of the junctions. From 
the circuit designer's point of view it can happen when- 
ever an input or output pin is externally driven a diode 
drop above Vcc or below V55, by a source that is capa- 
ble of supplying the required trigger current. 


However much of a problem latchup has been in the 
past, it is good to know that in most recently developed 
CMOS devices, and specifically in CHMOS devices, the 
current required to trigger latchup is typically well over 
100 mA. The 8OC5IBH is virtually immune to latchup. 
(References I and 2 present a discussion of the latchup 
mechanisms and the steps that are taken on the chip to 
guard against it.) Modern CMOS is not absolutely im- 
mune to latchup, but with trigger currents in the hun- 
dreds of mA, latchup is certainly a lot easier to avoid 
than it once was. 


A careless power-up sequence might trigger a latchup 
in the older CMOS families, but it's unlikely to be a 
major problem in high-speed CMOS or in CHMOS. 
There is still some risk incurred in inserting or remov- 
ing chips or boards in a CMOS system while the power 
is on. Also, severe transients, such as inductive kicks or 
momentary short-circuits, can exceed the trigger cur- 
rent for latchup. 


For applications in which some latchup risk seems un- 
avoidable, you can put a small resistor (loon 
or so) in 


series with signal lines to ensure that the trigger current 
will never be reached. This also helps to control over- 
shoot and RFI. 


LOGIC 
LEVELS AND INTERFACING 


PROBLEMS 


First, for equal supply voltages, CMOS gives (and re- 
quires) a higher "Iogic I" level than TTL. Secondly, 
CMOS logic levels are VCC (or VDD) 
dependent, 


whereas guaranteed TTL logic levels are fixed when 
Vcc is within TTL specs. 


Standard 74HC logic levels are as follows: 


VIHMIN = 70% 
of Vcc 


VILMAX = 20% 
of Vcc 
VOHMIN 
= Vcc 
- 
O.lV.IiOHI 
,;; 20 p.A 


VOLMAX 
= 0.1V. Ilod ,;; 20 p.A 


Figure I compares 74HC, LS TTL, and 74HCT logic 
levels with those of the HMOS 8051 and the CHMOS 
80C51BH for Vcc = 5V. 


Output logic levels depend of course on load current, 
and are normally specified at several load currents. 
When CMOS and TTL are powered by the same Vcc, 
the logic levels guaranteed on the data sheets indicate 
that 
CMOS can drive TTL, 
but TTL 
can't 
drive 


CMOS. The incompatibility is that the TTL circuit's 
VOH level is too low to reliably be recognized by the 
CMOS circuit as a valid VIH. 


Since HMOS circuits were designed to be TTL-compat- 
ible, they have the same incompatibility. 


Fortunately, 74HCT-series circuits are available to ease 
these interfacing problems. They have TTL-compatible 
logic levels at the inputs and standard CMOS levels at 
the outputs. 


The 8OC5IBH is designed to work with either TTL or 
CMOS. Therefore its logic levels are specified very 
much like 74HCT circuits. That is, its input logic levels 
are TTL-compatible, and its output characteristics are 
like standard high-speed CMOS. 


One of the major reasons for going to CMOS has tradi- 
tionally been that CMOS is less susceptible to noise. As 
previously noted, 
its low susceptibility 
to noise is 


Logic State 
Vcc = 5V 


74HC 
74HCT 
LSTTL 
8051 
80C51BH 


VIH 
3.5V 
2.0V 
2.0V 
2.0V 
1.9V 


VIL 
. 
1.0V 
0.8V 
O.BV 
O.BV 
0.9V 


VOH 
4.9V 
4.9V 
2.7V 
2.4V 
4.5V 


VOL 
0.1V 
0.1V 
0.5V 
0.45V 
0.45V 


Figure 1. Logic Level Comparison. 
(Output 
voltage 
levels depend 
on load current. 


Data sheets 
list guaranteed 
output levels for several load currents. 
The output 


levels listed here are for minimum 
loading.) 


inter 


partly due to superior noise margins, and partly due to 
its slow speed. 


Noise margin is the difference between VOL and VIL, 
or between VOH and VIH. If VOH from a driving cir- 
cuit is 2.7V and VIH to the driven circuit is 2.0V, then 
the driven circuit has 0.7V of noise margin at the logic 
high level. These kinds of comparisons show that an 
all-CMOS system has wider noise margins than an all- 
TTL system. 


Figure 2 shows noise margins in CMOS and LS TTL 
systems when both have Vee = 5V. It can be seen that 
CMOS/CMOS 
and CMOS/CHMOS 
systems have an 


edge over LS TTL in this respect. 


Noise margins can be misleading, however, because 
they don't say how much noise energy it takes to induce 
in the circuit a noise voltage of sufficient amplitude to 
cause a logic error. This would involve consideration of 
the width of the noise pulse as compared with the cir- 
cuit's response speed, and the impedance to ground 
from the point of noise introduction in the circuit. 


When these considerations are included, it is seen that 
using the slower 74C- and 4OOO-seriescircuits with a 12 
or 15V supply voltage does offer a truly improved level 
of noise immunity, but that high-speed CMOS at 5V is 
not significantly better than TTL. 


One should not mistake the wider supply voltage toler- 
ance of high-speed CMOS for Vee glitch immunity. 
Supply voltage tolerance is a DC rating, not a glitch 
rating. 


For any clocked CMOS, and most especially for VLSI 
CMOS, Vee 
decoupling is critical. CHMOS draws 


Noise Margin for 


Interface 
Vcc = 5V 


Logic Low 
Logic High 


VIL -VOL 
VOH-VIH 


74HCto 74HC 
0.9V 
1.4V 


LSTTL to LSTTL 
0.3V 
0.7V 


LSTTL to 74HCT 
0.3V 
0.7V 


LSTTL to 80C51 BH 
0.3V 
0.7V 


74HC to 80C51 BH 
0.8V 
3.0V 


80C51 BH to 74HC 
0.8V 
1.QV 


Figure 2. Noise Margins for CMOS 
and LS TTL Circuits 


current in extremely sharp spikes at the clock edges. 
The VHF and UHF components of these spikes are not 
drawn from the power supply, but from the decoupling 
capacitor. If the decoupling circuit is not sufficiently 
low in inductance, Vee will glitch at each clock edge. 
We suggest that a 0.1 IJ-Fdecoupler cap be used in a 
minimum-inductance configuration with the microcon- 
troller. A minimum-inductance 
configuration 
is one 


that minimizes the area of the loop formed by the chip 
(Vee to Vss), the traces to the decoupler cap, and the 
decoupler cap. PCB designers too often fail to under- 
stand that if the traces that connect the decoupler cap 
to the Vee and Vss pins aren't short and direct, the 
decoupler loses much of its effectiveness. 


Overshoot and ringing in signal lines are potential 
sources of logic upsets. These can largely be controlled 
by circuit layout. Inserting small resistors (about lOOn) 
in series with signal lines that seem to need them will 
also help. 


The sharp edges produced by high-speed CMOS can 
cause RFI problems. The severity of these problems is 
largely a function of the PCB layout. We don't mean to 
imply that all RFI problems can be solved by a better 
PCB layout. It may well be, for example, that in some 
RFI-sensitive designs high-speed CMOS is simply not 
the answer. But circuit layout is a critical factor in the 
noise performance of any electronic system, and more 
so in high-speed CMOS systems than others. 


Circuit layout techniques for minimizing noise suscepti- 
bility and generation are discussed in References 3 
through 6. 


CMOS input pins should not be left to float, but should 
always be pulled to one logic level or the other. If they 
float, they tend to float into the transition region be- 
tween 0 and I, where the pullup and pulldown devices 
in the input buffer are both conductive. This causes a 
significant increase in Ice. 
A similar effect exists in 


HMOS circuits, but with less noticeable results. 


In 80C5IBH and 80C3IBH designs, unused pins of 
Ports I, 2, and 3 can be ignored, because they have 
internal pullups that will hold them at a valid Logic 1 
level. Port 0 pins are different, however, in not having 
internal pullups (except during bus operations). 


When the 80C5lBH is in reset, the Port 0 pins are in a 
float state unless they are externally pulled up or down. 
If it's going to be held in reset for just a short time, the 
transient float state can probably be ignored. When it 
comes 
out 
of 
reset, 
the 
pins 
stay 
afloat 
unless 


they are externally pulled either up or down. Alterna- 
tively, the software can internally write Osto whatever 
Port 0 pins may be unused. 


The 
same 
considerations 
are 
applicable 
to 
the 


80C31BH 
with 
regards 
to 
reset. 
But 
when 
the 


80C31BH comes out of reset, it commences bus opera- 
tions, during which the logic levels at the pins are al· 
ways well defined as high or low. 


Consider the 80C31BH in the Power Down or Idle 
modes, however. In those modes it is not fetching in- 
structions, and the Port 0 pins will float if not external· 
ly pulled high or low. The choice of whether to pull 
them high or low is the designer's. Normally it is suffi- 
cient to pull them up to Vcc with 10k resistors. But if 
power is going to be removed from circuits that are 
connected to the bus, it will be advisable to pull the bus 
pins down (normally with 10k resistors). Considera- 
tions involved in selecting pullup and pulldown resistor 
values are as follows. 


R 
..JQh. 
...J!L 


PO.xt---_--- 
E~~:~AL 


Figure 3a. Conditions defining the minimum 


value for R. PO.Xis emitting a logic low. R must 


be large enough to not cause IOL to exceed 
data sheet specifications. 


R 
.-l!d- 
....illL. 


po.x t----~---E't1f:JlsAL 


Figure 3b. Conditions defining the maximum 


value for R. PO.X is in a high impedance 
state. R must be small enough to keep 


VOHacceptably high. 


If a pullup resistor is to be used on a Port 0 pin, its 
minimum value is determined by IOL requirements. If 
the pin is trying to emit a 0, then it will have to sink the 
current from the pullup resistor plus whatever other 
current may be sourced by other loads connected to the 
pin, as shown in Figure 3a, while maintaining a valid 
output low (VOL)' To guarantee that the pin voltage 
will not exceed 0.45V, the resistor should be selected so 
that IOL doesn't exceed the value specified on the data 
sheet. In most CMOS applications, the minimum value 
would be about 2k n. 


The maximum value you could use depends on how 
fast you want the pin to pull up after bus operations 
have ceased, and how high you want the VOH level to 
be. The smaller the resistor the faster it pulls up. Its 
effect on the VOHlevel is that VOH = Vcc - (ILl + 
IIH) X R. ILl is the input leakage current to the Port 0 
pin, and IIH is the input high current to the external 
loads, as shown in Figure 3b. Normally VOH can be 
expected to reach 0.9 Vcc if the pullup resistance does 
not exceed about 50k n. 


If a pulldown resistor is to be used on a Port 0 pin, its 
minimum value is determined by VOH requirements 
during bus operations, and its maximum value is in 
most cases determined by leakage current. 


During bus operations the port uses internal pullups to 
emit Is. The D.C. Characteristics in the data sheet list 
guaranteed VOHlevels for given IOH currents. (The ".n 
sign in the IOH value means the pin is sourcing that 
current to the external load, as shown in Figure 4.) To 
ensure the VOH level listed in the data sheet, the resis- 


SOCS1 BH 
.!Q!!-. 
...ill!... 


PO.xt--- __ --- 
E't1fA'WtL 


VOH 
IOH 
= R + IIH 


Figure 4a. Conditions defining the minimum 


value for R. PO.X is emitting a 1 in a bus 


operation. R must be large enough to not cause 


IOH to exceed data sheet specifications. 


intJ 


VOH 
I 
I 
-+ 
IIH';; 
IOH 
R 


tor has to satisfy where 1m is the input high current to 
the external loads. 


When the pin goes into a high impedance state, the 
pulldown resistor will have to sink leakage current 
from the pin, plus whatever other current 
may be 


sourced by other loads connected to the pin, as shown 
in Figure 4b. The Port 0 leakage current is ILl on the 
data sheet. The resistor should be selected so that the 
voltage developed across it by these currents will be 
seen as a logic low by whatever circuits are connected 
to it (including the 80C5lBH). In CMOS/CHMOS ap- 
plications, 50k n is normally a reasonable maximum 
value. 


80C51 BH 
.....!!d..-. ..J!L 


PO.X t------1P---- E~1>~~tl 


Figure 4b. Conditions 
defining 
the maximum 


value for R. PO. X is in a high impedance 
state. 


R must be small enough to keep VOL 


acceptably 
low. 


DRIVE CAPABILITY 
OF THE 
INTERNAL 
PULLUPS 


There's an important difference between HMOS and 
CHMOS port drivers. The pins of Ports 1, 2, and 3 of 
the CHMOS parts each have three pullups: strong, nor- 
mal, and weak, as shown in Figure 5. The strong pullup 
(pi) is only used during O-to-l transitions, to hasten the 
transition. The weak pullup (P2) is on whenever the bit 
latch contains a I. The "normal" pullup (p3) is con- 
trolled by the pin voltage itself. 


The reason that p3 is controlled by the pin voltage is 
that if the pin is being used as an input, and the external 
source pulls it to a low, then turning off p3 makes for a 
lower IlL. The data sheet shows an "ITL" specification. 
This is the current that p3 will source during the time 
the pin voltage is making its l-to-O transition. This is 
what IlL would be if an input low at the pin didn't turn 
p3 off. 


Note, however, that this p3 turn-off mechanism puts a 
restriction on the drive capacity of the pin if it's being 
used as an output. If you're trying to output a logic 
high, and the external load pulls the pin voltage below 
the pin's VmMIN spec, p3 might turn off, leaving only 
the weak p2 to provide drive to the load. To prevent 
this happening, you need to ensure that the load doesn't 
draw more than the IOH spec for a valid VOH. The idea 
is to make sure the pin voltage never falls below its own 
VmMIN specification. 


a 
FROM PORT 
LATCH 


The main reason for going to CMOS, of course, is to 
conserve power. (There are other reasons, but this is the 
main one.) Conserving power doesn't mean just reduc- 
ing your electric bill. Nor does it necessarily relate to 
battery operation, although battery operation without 
CMOS is pretty unhandy. The main reason for conserv- 
ing power is to be able to put more functionality into a 
smaller space. The reduced power consumption allows 
the use of smaller and lighter power supplies, and less 
heat being generated allows denser packaging of circuit 
components. Expensive fans and blowers can usually be 
eliminated. 


A cooler running chip is also more reliable, since most 
random and wearout failures relate to die temperature. 
And finally, the lower power dissipation will allow 
more functions to be integrated onto the chip. 


The reason CMOS consumes less power than NMOS is 
that when it's in a stable state there is no path of con- 
duction from Vcc to Vss except through various leak- 
age paths. CMOS does draw current when it's changing 
states. How much current it draws depends on how 
often and how quickly it changes states. 


\ 
SIN'/L 
CLOCK SIGNAL 


<O~ 


I 
I 
RECTANGULAR CLOCK SIGNAL 


CMOS circuits draw current in sharp spikes during log- 
ical transitions. These current spikes are made up of 
two components. One is the current that flows during 
the transition time when pullup and pulldown FETs are 
both active. The average (DC) value of this component 
is larger when the transition times of the input signals 
are longer. For this reason, if the current draw is a 
critical factor in the design, slow rise and fall times 
should be avoided, even when the system speed doesn't 
seem to justify a need for nanosecond switching speeds. 


The other component is the current that charges stray 
and load capacitance at the nodes of a CMOS logic 
gate. The average value of this current spike is its area 
(integral over time) multiplied by its rep rate. Its area is 
the amount of charge it takes to raise the node capaci- 
tance, C, to Vcc. That amount of charge is just C x 
Vcc. So the average value of the current spike is C x 
Vcc x f, where f is the clock frequency. 


This component of current increases linearly with clock 
frequency. For minimal current draw, the 80C52BH-2 
is spec'd to run at frequencies as low as 500 kHz. 


Keep in mind, though, that other component of current 
that is due to slow rise and fall times. A sinusoid is not 
the optimal waveform to drive the XTALI 
pin with. 


Yet 
crystal 
oscillators, 
including 
the 
one 
on the 


80C5IBH, generate sinusoidal waveforms. Therefore, if 
the on-chip oscillator is being used, you can expect the 
device to draw more current at 500 kHz, than it does at 
1.5 MHz, as shown in Figure 6. If you derive a good 
sharp square wave from an external oscillator, and use 
that to drive XTALl, 
then the microcontroller 
will 


draw less current. But the external oscillator will prob- 
ably make up the difference. 


The 80C5IBH has two power-saving features not avail- 
able in the HMOS devices. These are the Idle and Pow- 
er Down modes of operation. The on-chip hardware 
that implements these reduced power modes is shown 
in Figure 7. Both modes are invoked by software. 


INTERRUPT 
SERIAL PORT 
TIMER/COUNTERS 


inter 


Idle: In the Idle Mode (IDL = 0 in Figure 7), the CPU 
puts itself to sleep by gating ofTits own clock. It doesn't 
stop the oscillator. It just stops the internal clock signal 
from getting to the CPU. Since the CPU draws 80 to 90 
percent of the chip's power, shutting it ofTrepresents a 
fairly significant power savings. The on-chip periperals 
(timers, serial port, interrupts, etc.) and RAM continue 
to function as normal. The CPU status is preserved in 
its entirety: the Stack Pointer, Program Counter, Pro- 
gram Status Word, Accumulator, and all other regis- 
ters maintain their data during Idle. 


The Idle Mode is invoked by setting bit 0 (IDL) of the 
PCON register. PCON is not bit-addressable, so the bit 
has to be set by a byte operation, such as 


The PCON register also contains flag bits GFO and 
GFI, which can be used for any general purposes, or to 
give an indication if an interrupt occurred during nor- 
mal operation or during I~le. In this application, the 
instruction that invokes Idle also sets one or both of the 
flag bits. Their status can then be checked in the inter- 
rupt routines. 


While the device is in the Idle Mode, ALE and PSEN 
emit logic high (VOH), as shown in Figure 8. This is so 
external EPROM can be deselected and have its output 
disabled. 


The port pins hold the logical states they had at the 
time the Idle was activated. If the device was executing 
out of external program memory, Port 0 is left in a high 
impedance state and Port 2 continues to emit the high 
byte of the program counter (using the strong pullups 
to emit Is). If the device was executing out of internal 
program memory, Ports 0 and 2 continue to emit what- 
ever is in the PO and P2 registers. 


There are two ways to terminate Idle. Activation of any 
enabled interrupt will cause the hardware to clear bit 0 
of the PCON register, terminating the Idle mode. The 
interrupt will be serviced, and following RETI the next 
instruction to be executed will be the one following the 
instruction that invoked Idle. 


The other way is with a hardware reset. Since the clock 
oscillator is still running, RST only needs to be held 
,active for two machine cycles (24 oscillator periods) to 
complete the reset. Note that this exit from Idle writes 
Is to all the ports, initializes all SFRs to their reset 
values, and restarts program execution from location O. 


Power Down: In the Power Down Mode (PD = 0 in 
Figure 7), the CPU puts the whole chip to sleep by 
turning ofTthe oscillator. In case it was running from 
an external oscillator, it also gates ofTthe path to the 
internal phase generators, so no internal clock is gener- 
ated even if the external oscillator is still running. The 
on-chip RAM, however, saves its data, as long as Vee 
is maintained. In this mode the only Ice that flows is 
leakage, which is normally in the micro-amp range. 


The Power Down Mode is invoked by setting bit I in 
the PCON register, using a byte instruction such as 


While the device is in Power Down, ALE and PSEN 
emit lows (VOL),as shown in Figure 8. The reason they 
are designed to emit lows is so that power can be re- 
moved from the rest of the circuit, if desired, while the 
8OCS5IBH is in its Power Down mode. 


The port pins continue to emit whatever data was writ- 
ten to them. Note that Port 2 emits its P2 register data 
even if execution was from external program memory. 


Pin 
Internal Execution 
External Execution 


Idle 
Power Down 
Idle 
Power Down 


ALE 
1 
0 
1 
0 


PSENI 
1 
0 
1 
0 


PO 
SFR Data 
SFR Data 
High-Z 
High-Z 


P1 
SFR Data 
SFR Data 
SFR Data 
SFR Data 


P2 
SFR Data 
SFR Data 
PCH 
SFR Data 


P3 
SFR Data 
SFR Data 
SFR Data 
SFR Data 


Figure 8. Status of Pins in Idle and Power Down Modes. "SFR data" means the port pins emit their 
Internal register data. "PCH" Is the high byte of the Program Counter. 
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Port 0 also emits its PO register data, but if execution 
was from external program memory, the PO register 
data is FF. The oscillator is stopped, and the part re- 
mains in this state as long as Vcc is held, and until it 
receives an external reset signal. 


The only exit from Power Down is a hardware reset. 
Since the oscillator was stopped, RST must be held ac- 
tive long enough for the oscillator to re-start and stabi- 
lize. Then the reset function initializes all the Special 
Function Registers (ports, timers, etc.) to their reset 
values, and re-starts the program 
from location O. 
Therefore, timer reloads, interrupt enables, baud rates, 
port status, etc. need to be re-established. Reset does 
not affect the content of the on-chip data RAM. If Vcc 
was held during Power Down, the RAM data is still 
good. 


The software-invoked Power Down feature offers a 
means of reducing the power consumption to a mere 
trickle in systems which are to remain dormant for 
some period of time, while retaining important data. 


The user should give some thought to what state the 
port pins should be left in during the time the clock is 
stopped, and write those values to the port latches be- 
fore invoking Power Down. 


If Vcc is going to be held to the entire circuit, one 
would want to write values to the port latches that 
would 
deselect peripherals 
before 
invoking 
Power 


Down. For example, if external memory is being used, 
the P2 SFR should be loaded with a value which will 
not generate an active chip select to any memory de- 
vice. 


In some applications, Vcc to part of the system may be 
shut off during Power Down, so that even quiescent 
and standby currents are eliminated. Signal lines that 
connect to those chips must be brought to a logic low, 
whether the chip in question is CMOS, NMOS, or 
TTL, before Vcc is shut off to them. CMOS pins have 
parasitic pn junctions to Vcc, which will be forward 
biased if Vcc is reduced to zero while the pin is held at 
a logic high. NMOS pins often have FETs that look 
like diodes to Vcc. TTL circuits may actually be dam- 
aged by an input high if Vcc = O. That's why the 
80C5IBH outputs lows at ALE and PSEN during Pow- 
er Down. 


Figure 9 shows a circuit that can be used to turn Vcc 
off to part of the system during Power Down. The cir- 
cuit will ensure that the secondary circuit is not de-en- 
ergized until after the 80C31BH is in Power Down, and 
that the 80C3IBH does not receive a reset (terminating 
the Power Down mode) before the secondary circuit is 
re-energized. Therefore, the program memory itself can 
be part of the secondary circuit. 


Figure 9. The 80C31BH de-energizes part of the circuit (VCC2) when it goes into Power Down. 


Selections of Rand Q2 depend on VCC2 current draw. 


In Figure 9, when Vcc is switched on to the 80C3IBH, 
capacitor CI provides a power-on reset. The reset func- 
tion writes Is to all the port pins. The I at P2.6 turns 
Qlon, 
enabling Vcc to the secondary circuit through 


transistor Q2. As the 80C31BH comes out of reset, Port 
2 commences emitting the high byte of the Program 
Counter, which results in the P2.7 and P2.6 pins out- 
putting Os.The 0 at P2.7 ensures continuation of Vcc 
to the secondary circuit. 


The system software must now write a I to P2.7 and a 0 
to P2.6 in the Port 2 SFR, P2. These values will not 
appear at the Port 2 pins as long as the device is fetch- 
ing instructions from external program memory. How- 
ever, whenever the 80C31BH goes into Power Down, 
these values will appear at the port pins, and will shut 
ofTboth transistors, disabling Vcc to the secondary cir- 
cuit. 


Closing the switch Sire-energizes 
the secondary cir- 


cuit, and at the same time sends a reset through C2 to 
the 80C31BH to wake it up. The diode 01 is to prevent 
CI from hogging current from C2 during this second- 
ary reset. 02 prevents C2 from discharging through the 
RST pin when Vcc to the secondary circuit goes to 
zero. 


VCCId 
1-.", 


VCCl 


~ 
1-"" 


b. Using an nFET 


Figure 10. Using Power 
MOSFETs 
to Control 
VCC2 


USING POWER 
MOSFETs 
to 
CONTROL 
VCC 


Power MOSFETs are gaining in popularity (and avail- 
ability). The easiest way to control Vcc is with a Logic 
Level pFET, as shown in Figure lOa. This circuit al- 
lows the full Vcc to be used to turn the device on. 
Unfortunately, 
power pFETs 
are not economically 


competitive with bipolar transistors of comparable rat- 
ings. 


Power nFETs are both economical and available, and 
can 'be used in this application if a DC supply of higher 
voltage is available to drive the gate. Figure lOb shows 
how to implement aVec 
switch using a power nFET 


and a (nominally) + 12V supply. The problem here is 
that if the device is on, its source voltage is + 5V. To 
maintain the on state, the gate has to be another 5 or 
IOV above that. The "12V" supply is not particularly 
critical. A minimally filtered, unregulated rectifier will 
suffice. 


Here we consider circuits that normally draw power 
from the AC line, but switch to battery operation in the 
event of a power failure. We assume that in battery 
operation high-current 
loads will be allowed to die 


along with the AC power. The system may continue 
then with reduced functionality, monitoring a control 
transducer, perhaps, or driving an LCD. Or it may go 
into a bare-bones survival mode, in which critical data 
is saved but nothing else happens till AC power is re- 
stored. 


III any case it is necessary to have some early warning 
of an impending power failure so that the system can 
arrange an orderly transfer to battery power. Early 
warning systems can operate by monitoring either the 
AC line voltage or the unregulated rectifier output, or 
even by monitoring the regulated DC voltage. 


Monitoring the AC line voltage gives the earliest warn- 
ing. That way you can know within one or two half-cy- 
cles of line frequency that AC power is down. In most 
cases you then have at least another half-cycle of line 
frequency before the regulated Vcc starts to fall. In a 
half-cycle of line frequency an 80C51BH can execute 
about 5,000 instructions-plenty 
of time to arrange an 


orderly transfer of power. 


The circuit in Figure II uses a Zener diode to test the 
line voltage each half-cycle, and a junction transistor to 
pass the information on to the 80C5IBH. (Obviously a 
voltage comparator with a suitable reference source can 
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01 
2N3904 
OR EOUIV. 


VCC 


8OCS1BH 
8OC31BH 


INTO 


= 
BACKUP 


~ 
BATTERY 


Figure 11. Power Failure Detector with Battery Backup. When AC power falls, 


VCC1 goes down and VCC2 is held. 


perform the same function, if one prefers.) The way it 
works is if the line voltage reaches an acceptably high 
level, it breaks over Zl, drives Ql to saturation, and 
interrupts the 80C51BH. The interrupt would be tran- 
sition-activated, in this application. The interrupt serv- 
ice routine reloads one of the C5IBH's timers to a value 
that will make it roll over in something between one 
and two half-cycles of line frequency. As long as the 
line voltage is healthy, the timer never rolls over, be- 
cause it is reloaded every half-cycle. If there is a single 
half-cycle in which the line voltage doesn't reach a high 
enough level to generate the interrupt, the timer rolls 
over and generates a timer interrupt. 


The timer interrupt then commences the transition to 
battery backup. Critical data needs to be copied into 
protected RAM. Signals to circuits that are going to 
lose power must be written to logic low. Protected cir- 
cufts (those powered by Vee2) that communicate with 
unprotected circuits must be deselected. The microcon- 
troller itself may be put into Idle, so that it can contin- 
ue some level of interrupt-driven 
functionality, or it 


may be put into Power Down. 


Note that if the CPU is going to invoke Power Down, 
the Special Function Registers may also need to be cop- 
ied into protected RAM, since the reset that terminates 
the Power Down mode will also intialize all the SFRs 
to their reset values. 


The circuit in Figure II does not show a wake-up 
mechanism. A number of choices are available, howev- 
er. A pushbutton could be used to generate an inter- 
rupt, if the CPU is in Idle, or to activate reset, if the 
CPU is in Power Down. 


Automatic wake-up on power restoration is also possi- 
ble. If the CPU is in Idle, it can continue to respond to 
any interrupts that might be generated by QI. The in- 
terrupt service routine determines from the status of 
flag bits GFO and GFI in PCON that it is in Idle be- 
cause there was a power outage. It can then sample 
Veel 
through a voltage comparator similar to ZI, QI 


in Figure II. A satisfactory level of Vee I would be 
indicated by the transistor being in saturation. 


But perhaps you can't spare the timer that is the key to 
the operation of the circuit in Figure II. In that case a 
retriggerable one-shot, triggered by the AC line voltage, 
can perform essentially the same function. Figure 12 
shows an example of this type of power failure detector. 
A retriggerable one-shot (one half of a 74HC123) moni- 
tors the AC line voltage through transistor QI. QI re- 
triggers the one-shot every half-cycle of line frequency. 
If the output pulse width is between one and two half- 
cycles of line frequency, then a single missing or low 
half-cycle will generate an active low warning flag, 
which can be used to interrupt the microcontroller. 


The interrupt 
routine takes care of the transition to 


battery backup. From this point Veel 
mayor may not 


actually drop out. The missing half-cycle of line voltage 
that caused the power down sequence may have been 
nothing more than a short glitch. If the AC line comes 
back strong enough to trigger the one-shot while Veel 
is still up (as indicated by the state of transistor Q2), 
then the other half of the 74HCI23 
will generate a 


wake-up signal. 


inter 
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Figure 12. Power Failure Detector 
uses retrlggerable 
one-shots 
to flag Impending 
power outage 
and 
generate 
automatic 
wake-up 
when power returns. 


Having 
been awakened, 
the 8OC51BH 
will stay awake 


for at least another 
half-cycle 
ofline 
frequency 
(another 
5,000 or so instructions) 
before 
possibly 
being told 
to 


arrange 
another 
transfer 
of power. 
Consequently, 
if the 


line voltage 
is jittering 
erratically 
around 
the switch- 


over 
point 
(determined 
by diode 
ZI), 
the system 
will 


limp along executing 
in half-cycle 
units of line frequen- 


cy. 


On 
the 
other 
hand, 
if the 
power 
outage 
is real 
and 


lengthy, 
Vcc I will eventually 
fall below 
the 
level at 


which 
the backup 
battery 
takes over. The backup 
bat- 
tery 
maintains 
power 
to 
the 
80C5IBH, 
and 
to 
the 


74HC123, 
and to whatever 
other circuits 
are being pro- 


tected 
during 
this outage. 
The battery 
voltage 
must be 


high 
enough 
to 
maintain 
VccMIN 
specs 
to 
the 


8OC51BH. 


If the microcontroller 
is an 80C31 BH, executing 
out of 


external 
ROM, 
and if the C3IBH 
is put into Idle dur- 


ing the power outage, 
then the external 
ROM 
must also 


be supplied 
by the battery. 
On the other 
hand, 
if the 


C31BH 
is put 
into 
Power 
Down 
during 
the 
outage, 


then the ROM 
can be allowed 
to die with the AC pow- 


er. The considerations 
here are the same as in Figure 
9: 
Vcc 
to the ROM 
is still up at the time Power 
Down 
is 


invoked, 
and we must 
ensure 
(through 
selection 
of di- 


ode Z2 in Figure 
12) that 
the 8OC31BH 
is not awak- 


ened till ROM 
power 
is back in spec. 


Battery 
backup 
systems 
need 
to have 
a way 
for the 


protected 
circuits 
to draw power from the line-operated 
power 
supply 
when 
that 
source 
is available, 
and 
to 


switch 
over 
to 
battery 
power 
when 
required. 
The 


switchover 
circuit 
is simple if the entire 
system 
is to be 


battery 
powered 
in the event of a line power outage. 
In 


that case a pair of diodes suffice, as shown in Figure 
12, 


provided 
VccMIN 
specs are still met after 
the diode 


drop 
has 
been 
subtracted 
from 
its 
respective 
power 


source. 


The situation 
becomes 
more complicated 
when 
part 
of 


the circuit 
is going 
to be allowed 
to die when 
the AC 


power 
goes out. In that 
case it is difficult 
to maintain 


equal VCCs to protected 
and unprotected 
circuits 
(and 


possibly 
dangerous 
not to). 


The problem 
can be alleviated 
by using a Schottky 
di- 


ode instead 
of a IN400I, 
for its lower forward 
voltage 


drop. 
The 
IN5820, 
for example, 
has a foward 
drop 
of 


about 
O.35V at lA. 


Other 
solutions 
are to use a transistor 
or power 
MOS- 


FET switch, 
as shown in Figure 
13. With minor modifi- 


cations 
this switch 
can be controlled 
by port pins. 


inter 


270068-27 
a. Using a pnp Transistor 


VCC2 


='TILril 
~ I 1 
270068-12 
b. Using a Power MOSFET 


Figure 13. Power Switchover Ckts. 


The 27C64 and 87C64 are Intel's 8K byte CHMOS 
EPROMs. The 27C64 requires an external address 
latch, and can be used with the 80C31BH as shown in 
Figure 14a. In most 8031 + 2764 (HMOS) appli- 


cations, the 2764's Chip Enable (CE).pin is hardwired 
to ground (since it's normally the only program memo- 
ry on the bus). This can be done with the CHMOS 
versions as well, but there is some advantage in con- 
necting CE to ALE, as shown in Figure 14a. The ad- 
vantage is that if the 8OC31BHis put into Idle mode, 
since ALE goes to a I in that mode, the 27C64 will be 
deselected and go into a low current standby mode. 


The timing waveforms for this configuration are shown 
in Figure 14b. In Figure 14b the signals and timing 
parameters in parenthesis are those of the 27C64, and 
the others are of the 80C31BH, except Tprop is a pa- 
rameter of the address latch. The requirements for tim- 
ing compatibility are 


TAVIV - Tprop > tACC 
TLLlV> 
tCE 
TPLlV> 
tOE 
TPXIZ> 
tDF 


If the application is going to use the Power Down mode 
then we have another consideration: In Idle, ALE = 
PSEN = I, and in Power Down, ALE = PSEN = O. 
In a realistic application there are likely to be more 
chips in the circuit than are shown in Figure 14, and it 
is likely that the nonessential ones will have their Vcc 
removed while the CPU is in Power Down. In that case 
the EPROM and the address latch should be among 
the chips that have Vcc removed, and logic lows are 
exactly what are required at ALE and PSEN. 


But if Vcc is going to be maintained to the EPROM 
during Power Down, then it will be necessary to de- 


Figure 14b. Timing Waveforms 
for 80C31BH + 
27C64 


select the EPROM when the CPU is in Power Down. If 
Idle is never invoked, CE of the EPROM can be con- 
nected to P2.7 of the 80C3lBH, as shown in Figure 
ISa. In normal operation, P2.7 will be emitting the 
MSB of the Program Counter, which is 0 if the pro- 
gram contains less than 32K of code. Then when the 
CPU goes into Power Down, the Port 2 pins emit P2 
SFR data, which puts a I at P2.7, thus deselecting the 
EPROM. 


If Idle and Power Down are both going to be used, CE 
of the EPROM can be driven by the logical OR of ALE 
and P2.7, as shown in Figure ISb. In Idle, ALE = I 
will deselect the EPROM, and in Power Down, P2.7 = 
I will deselect it. 


P2.7 
CE 
01 
-----~._ 
01 
8OC31BH 
27C64 


270068-14 


a. Power Down is used but not idle. 


01 
{ALE~ 
_ 
CE 


8OC31BH 
P2.7~ 
27'l!64 


270068-15 
b. Idle and Power Down both used. 


Figure 15. Modifications 
to 80C31BH/27C64 
Interface 


Pulldown resistors are shown in Figure 14a under the 
assumption that something on the bus is going to have 
its Vcc removed during Power Down. If this is not the 
case, pullups can be used as well as pulldowns. 


The 87C64 is like the 27C64 except that it has an on- 
chip address latch. The Port 0 pins are tied to both 
address and data pins of the 87C64, as shown in Figure 
16a. ALE drives the EPROM's ALE/CS input. During 
ALE high, the address information is allowed to flow 
into the EPROM and begin accessing the code byte. On 
the falling edge of ALE the address byte is internally 
latched. The AO-A7 inputs are then ignored and the 
same bus lines are used to transmit the fetched code 
byte from the 00-07 
pins back to the 8OC3lBH. 


The timing waveforms for this configuration are shown 
in Figure 16b. In Figure 16b the signals and timing 
parameters in parentheses are those of the 87C64, and 
the others are of the 80C3lBH. The requirements for 
timing compatibility are 


The same considerations apply to the 87C64 as to the 
27C64 with regards to the Idle and Power Down 
modes. Basically you want Cs. 
I if Vcc is main- 


tained to the EPROM, and CS = OE = 0 if Vcc is 
removed. 


There are many different kinds of keyboards, but alpha- 
numeric keyboards generally consist of a matrix of 8 
scan lines and 8 receive lines as shown in Figure 17. 
Each set of lines connects to one port of the microcon- 
troller. The software has written Os to the scan lines, 
and Is to the receive lines. Pressing a key connects a 
scan line to a receive line, thus pulling the receive line 
to a logic low. 


The 8 receive lines are ANDed to one of the external 
interrupt pins, so that pulling any of the receive lines 
low generates an interrupt. The interrupt service rou- 
tine has to identify the pressed key, if only one key is 
down, and convert that information to some useful out- 
put. If more than one key in the line matrix is found to 
be pressed, no action is taken. (This is a "two key lock- 
out" scheme.) 


'"'' 
UP', wmcn rermmares me HUe. 1he mterrupt serv- 
ice routine would first call a 30 ms (or so) delay to 
debounce the key, and then set about the task ofidenti- 
fying which key is down. 


cape, etc.) are not a part of the line matrix. These keys 
would connect directly to a port pin on the microcon- 
troller, and would not cause lock-out if pressed simulta- 
neously with a matrix key, nor generate an interrupt if 
pressed singly. 
. 


Normally the microcontroller would be in idle mode 
when a key has not been pressed, and another task is 
not in progress. Pressing a matrix key generates an in- 


First, the current state of the receive lines is latched 
into an internal register. If a single key is down, all but 
one of the lines would be read as Is. Then Osare written 
to the receive lines and Is to the scan lines, and the scan 
lines are read. If a single key is down, all but one of 
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these lines would be read as Is. By locating the single 0 
in each set of lines, the pressed key can be identified. If 
more than one matrix key is down, one or both sets of 
lines will contain multiple Os. 


A subroutine is used to determine which of 8 bits in 
either set of lines is 0, and whether more than one bit is 
O. Figure 18 shows a subroutine (SCAN) which does 
that using the 805l's bit-addressing capability. To use 
the subroutine, move the line data into a bit-address- 
able RAM location named LINE, and call the SCAN 
routine. The number of LINE bits which are zero is 
returned 
in ZERO_COUNTER. 
If only one bit is 
zero, its number (1 through 8) is returned in ZERO_ 
BIT. 


The interrupt 
service routine that is executed in re- 


sponse to a key closure might then be as follows: 


CALL 
MOV 
CALL 
DJNZ 
MOV 
MOV 
MOV 
MOV 
CALL 
DJNZ 
XCH 
SWAP 
ORL 
XCH 
MOV 
MOV 
REJECT: 
CLR 
RETI 


DEBOUNCE_DELAY 
LINE,PI; 
;See Figure 


SCAN 
ZERO_COUNTER ,REJECT 
ADDRESS ,ZERO_BIT 
P2,#OFFH; 
;See Figure 


PI.#O 
LINE.P2 
SCAN 
ZERO_COUNTER ,REJECT 
A,ZERO_BIT 
A 
ADDRESS ,A 
A,ZERO_BIT 
PI.#OFFH 
P2.#0 
EXO 


. 


rC 


'--- 
8OCS1SH 
---' 


)Pl 
P2< 


.. 


INTO 
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SCAN: 
MOV 
ZERO_COUNTER 
.• 0 
ZERO_COUNTER 
counts 
the 
number 
of 
O. 
in LINE. 


JB 
LINE. 
o. ONE 
Test 
LINE 
bit 
o. 


INC 
ZERO_COUNTER 
If 
LINE. 
0 
= O. 
incr.ment 
ZERO_COUNTER 
MOV 
ZERO 
BIT •• 1 
end record 
th.t 
line 
number 
1 
i. 
.ctiv 
•. 


ONE: 
JB 
LINE:-1. 
TWO 
Procedure 
continues 
for 
other 
LINE 
bits. 


INC 
ZERO_COUNTER 


MOV 
ZERO_BIT 
•• 2 
Line 
numb.,. 
2 
i. 
active. 
TWO: 
JB 
LINE. 
2. THREE 


INC 
ZERO_COUNTER 


MOV 
ZERO_BIT 
•• 3 
Line 
number 
3 i. 
active. 


THREE: 
JB 
LINE. 
3. FOUR 


INC 
ZERO_COUNTER 


MOV 
ZERO_BIT 
•• 4 
Line 
numb 
I!'r 
4 
i. 
activ 
•. 
FOUR: 
JB 
LINE. 
4. FIVE 


INC 
ZERO_COUNTER 


MOV 
ZERO_BIT 
•• 5 
Line 
number 
5 
acti" •.. 


FIVE: 
JB 
LINE. 
5. SIX 
INC 
ZERO 
COUNTER 


MOV 
ZERO_B IT •• 6 
Line 
number 
6 
i. 
ac t i ve 


SIX: 
JB 
LINE. 
6. SEVEN 
INC 
ZERO _COUNTER 


MOV 
ZERO_BIT 
•• 7 
Line 
number 
7 
active. 


SEVEN. 
JB 
LINE. 
7. EIGHT 


INC 
ZER030UNTER 


MOV 
ZERO_B J T•• B 
Line 
number 
B 
i. 
active. 


EIGHT: 
RET 
270068-19 


Figure 18. Subroutine 
SCAN Determines 
Which of 8 Bits in LINE is Zero 


Notice 
that 
RESPONSE_TO_KEY_CLOSURE 


does not change the Accumulator, the PSW, nor any of 
the registers ROthrough R7. Neither do SCAN or DE- 
BOUNCE_DELAY. 


What we come out with then is a one-byte key address 
(ADDRESS) which identifies the pressed key. The 
key's scan line number is in the upper nibble of AD- 
DRESS, and its receive line number is in the lower 
nibble. ADDRESS can be used in a look-up table to 
generate a key code to transmit to a host computer, 
and/or to a display device. 


The keyboard interrupt itself must be edge-triggered, 
rather than level-activated,so that the interrupt routine 
is invoked when a key is pressed, and is not constantly 
being repeated as long as the key is held down. In edge- 
triggered mode, the on-chip hardware clears the inter- 
rupt flag (EXO, in this case) as the service routine is 
being vectored to. In this application, however, contact 
bounce will cause several more edges to occur after the 
service routine has been vectored to, during the DE- 
BOUNCE_DELAY 
routine. Consequently it is neces- 
sary to clear EXO again in software before executing 
RETI. 


The debounce delay routine also takes advantage of the 
Idle mode. In this routine a timer must be preloaded 
with a value appropriate to the desired length of delay. 
This would be 


. 
(osc kHz) x 
(delay time ms) 


timer preload 
= 
12 


For example, with a 3.58 MHz oscillator frequency, a 
30 ms delay could be obtained using a preload value of 
- 8950, or DDOA, in hex digits. 


In the debounce delay routine (Figure 19), the timer 
interrupt is enabled and set to a higher priority than the 
keyboard interrupt, because as we invoke Idle, the key- 
board interrupt is still "in progress". An interrupt of 
the same priority will not be acknowledged, and will 
not terminate the Idle mode. With the timer interrupt 
set to priority I, while the keyboard interrupt is a prior- 
ity 0, the timer interrupt, when it occurs, will be ac- 
knowledged and will wake up the CPU. The timer in- 
terrupt service routine does not itself have to do any- 
thing. The service routine might be nothing more than 
a single RETI instruction. RETI from the timer inter- 
rupt service routine then returns execution to the de- 
bounce delay routine, which shuts down the timer and 
returns execution to the keyboard service routine. 


An LCD (Liquid Crystal Display) consists of a back- 
plane and any number of segments or dots which will 
be used to form the image being displayed. Applying a 
voltage (nominally 4 or 5V) between any segment and 
the backplane causes the segment to darken. The only 
catch is that the polarity of the applied voltage has to 
be periodically reversed, or else a chemical reac- 


inter 


DEBOUNCE_DELAY; 


MOV 
TLI. 
nLi 
PRELOAD 
MOV 
THl. 
*TH1=PRELOAD 
SETB 
ETl 
SETB 
PTl 


SETB 
TRl 
ORL 
PCON. III 


P~.load 
low 
b~te. 
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byte. 


Enab 1. 
Timer 
1 
interrupt. 


Set 
Timer 
1 
interrupt 
to 
hlgh 
priority. 


Start 
timer 
running 
Invoke 
Idle 
mode 


Stop 
the 
tlm.r. 


Back 
to 
priority 
0 
(if 
dR5ired). 
Disable 
Timer 
1 interrupt 
(if 
desir.dL 


Continue 
keyboard 
scan 


tion takes place in the LCD which causes deterioration 
and eventual failure of the liquid crystal. 


To prevent this happening, the backplane and all the 
segments are driven with an AC signal, which is de- 
rived from a rectangular voltage waveform. If a seg- 
ment is to be "off' it is driven by the same waveform as 
the backplane. Thus it is always at backplane potential. 
If the segment is to be "on" it is driven with a wave- 
form that is the inverse of the backplane waveform. 
Thus it has about 5V of periodically changing polarity 
between it and the backplane. 


With a little software overhead, the 80C51BH can per- 
form this task without the need for additional LCD 
drivers. The only drawback is that each LCD segment 
uses up one port pin, and the backplane uses one more. 
If more than, say, two 7-segment digits are being driv- 
en, there aren't many port pins left for other tasks. 
Nevertheless, 
assuming 
a 
given application 
leaves 


enough port pins available to support this task, the con- 
siderations for driving the LCD are as follows. 


Suppose, for example, it is a 2-digit display with a deci- 
mal point. One port (TENS_DIGIT) 
connects to the 7 


segments of the tens digit plus the backplane. Another 
port (ONES_DIGIT) 
connects to a decimal point plus 


the 7 segments of the ones digit. 


One of the 80C51BH's timers is used to mark off half- 
periods of the drive voltage waveform. The LCD drive 
waveform should have a rep rate between 30 and 100 
Hz, but it's not very critical. A half-period of 12ms will 
set the rep rate to about 42 Hz. The preload/reload 
value to get 12 ms to rollover is the 2's complement 
negative of the oscillator frequency in kHz: if the oscil- 
lator 
frequency 
is 3.58 MHz, 
the reload 
value is 


- 3580, or F204 in hex digits. 


Now, the 80C51BH would normally be in Idle, to con- 
serve power, during the time that the LCD and other 


tasks are not requiring servicing. When the timer rolls 
over 
it 
generates 
an 
interrupt, 
which 
brings 
the 


80C5IBH out of Idle. The service routine reloads the 
timer (for the next rollover), and inverts the logic levels 
of all the pins that are connected to the LCD. It might 
look like this: 


LCD_DRIVE_INTERRUPT: 
MOV 
TL1,#LOW( - XTAL_FREQ) 


MOV 
TH1,#HIGH( - XTAL_FREQ) 


XRL 
TENS_DIGIT,#OFFH 
XRL 
ONES_DIGIT,#OFFH 
RETI 


To update the display, one would use a look-up table to 
generate the characters. In the table, "on" segments are 
represented as Is, and "off' segments as Os. The back- 
plane bit is represented as a O. The quantity to be dis- 
played is stored in RAM as a BCD value. The look-up 
table operates on the low nibble of the BCD value, and 
produces the bit pattern that is to be written to either 
the ones digit or the tens digit. Before the new patterns 
can be written to the LCD, the LCD drive interrupt has 
to be disabled. That is to prevent a polarity reversal 
from taking place between the times the two digits are 
written. An update subroutine is shown in Figure 20. 


As was noted, 
driving 
an LCD 
directly 
with 
an 


80C5IBH uses a lot of port pins. LCD drivers are avail- 
able in CMOS to interface an 80C51BH to a 4-digit 
display using only 7 of the C51BH's I/O pins. Basical- 
ly, the C51BH tells the LCD driver what digit is to be 
displayed (4 bits) and what position it is to be displayed 
in (2 bits), and toggles a Chip Select pin to tell the 
driver to latch this information. The LCD driver gener- 
ates the display characters (hex digits), and takes care 
of the polarity reversals using its own RC oscillator to 
generate the timing. 


Figure 
25 shows an 
80C5IBH 
working 
with 
an 


ICM7211M to drive a 4-digit LCD, and the software 
that updates the display. 


One could equally well send information to the LCD 
driver over the bus. In that case, one would set up the 
Accumulator with the digit select and data input bits, 
and execute a MOVX@ RO,A instruction. The LCD 
driver's chip select would be driven by the CPU's WR 
signal. This is a little easier in software than the direct 
bit manipulation shown in Figure 21. However, it uses 
more I/O pins, unless there is already some external 
memory involved. In that case, no extra pins are used 
up by adding the LCD driver to the bus. 


Analog transducers are often used to convert the value 
of a physical property, such as temperature, pressure, 
etc., to an analog voltage. These kinds of transducers 
then require an analog-to-digital converter to put the 
measurement into a form that is compatible with a digi- 
tal control system. Another kind of transducer is now 
becoming available that encodes the value of the physi- 
cal property into a signal that can be directly read by a 
digital control system. These devices are called reso- 
nant transducers. 


Resonant transducers are oscillators whose frequency 
depends in a known way on the physical property being 
measured. These devices output a train of rectangular 
pulses whose repetition rate encodes the value of the 
quantity being measured. The pulses can in most cases 
be fed directly into the 80C5lBH, which then measures 
either the frequency or period of the incoming signal, 
basing the measurement on the accuracy of its own 
clock oscillator. The 80C5IBH can even do this in its 
sleep; that is, in Idle. 


When the frequency or period measurement is complet- 
ed, the C5IBH wakes itself up for a very short time to 
perform a sanity check on the measurement and con- 
vert it in software to any scaling of the measured quan- 
tity that may be desired. The software conversion can 
include corrections for nonlinearities in the transduc- 
er's transfer function. 


Resolution is also controlled by software, and can even 
be dynamically varied to meet changing needs as a situ- 
ation becomes more"critical. For example, in a process 
controller you can increase your resolution ("fine tune" 
the control, as it were) as the process approaches its 
target. 


The nominal reference frequency of the output signal 
from these devices is in the range of 20 Hz to 500 kHz, 
depending on the design. Transducers are available that 
have a full scale frequency shift 2 to I. The transducer 
operates from a supply voltage range of 3V to 20V, 
which means it can operate from the same supply volt- 
age as the 80C5IBH. At 5V, the transducer draws less 
than 5 mA (Reference 7). It can normally be connected 
directly to one of the C5lBH's port pins, as shown in 
Figure 22. 


Measuring a frequency means counting pulses for a 
known sample time. Two timer/counters 
can be used, 


one to mark ofTthe sample time and one to count puls- 
es. If the frequency being counted doesn't exceed 50 
kHz or so, one may equally well connect the transducer 
signal to one of the external interrupt pins, and count 
pulses in software. That frees up one timer, with very 
little cost in CPU time. 


The count that is directly obtained is TxF, where T is 
the sample time and F is the frequency. The full scale 
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1 LSB = 
2" 


For example, 8-bit resolution in the measurement of a 
frequency that varies between 7 kHz and 9 kHz would 
require, according to this formula, a sample time of 128 
ms. The maximum acceptable frequency count would 
be 128 ms X 9 kHz = 
1152 counts. The minimum 


would be 896 counts. Subtracting 896 from each fre- 
quency count (or presetting the frequency counter to 
- 896 = OFC80H) would allow the frequency to be 
reported on a scale of 0 to FF in hex digits. 


Therefore the sample time required for n-bit resolution 
is 


2" 
T=--- 
Fmax-Fmin 
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Figure 22. Resonant 
Transducer 
Does Not 
Require 
an AID 
Converter 


To implement the measurement, one timer is used to 
establish the sample time. The timer is preset to a value 
that causes it to roll over at the end of the sample time, 
generating an interrupt and waking the CPU from its 
Idle mode. The required preset value is the 2's comple- 
ment negative of the sample time measured in machine 
cycles. The conversion from sample time to machine 
cycles is to multiply it by 1/12 the clock frequency. For 
example, if the clock frequency is 12 MHz, then a sam- 
ple time of 128 ms is 


(128 ms) x (12000 kHz)/12 = 128000 machine 
cycles. 


Then the required preset value to cause the timer to roll 
over in 128 ms is 


Note that the preset value is 3 bytes wide whereas the 
timer is only 2 bytes wide. This means the timer must 
be augmented in software in the timer interrupt routine 
to three bytes. The 80C51BH has a DJNZ instruction 
(decrement and jump if not zero) that makes it easier to 
code the third timer byte to count down instead of up. 
If the third timer byte counts down, its reload value is 
the 2's complement of what it would be for an up-coun- 
ter. For example, if the 2's complement of the sample 
time is FEOCOO,then the reload value for the third 
timer byte would be 02, instead of FE. The timer inter- 
rupt routine might then be: 


TIMER_INTERRUPT_ROUTINE: 
DNJZ 
THIRD_TIMER_BYTE,OUT 


MOV 
TLO,#O 


MOV 
THO,#OCH 


MOV 
THIRD_TIMERBYTE,#2 


MOV 
FREQUENCY,COUNTER_LO 


;Preset COUNTER to -896: 


MOV 
COUNTER_LO,#80H 


MOV 
COUNTER_HI,#OFCH 


OUT: 
RETI 


At this point the value of the frequency of the transduc- 
er signal, measured to 8 bit resolution, is contained in 
FREQUENCY. Note that the timer can be reloaded on 
the fly. Note too that the timer can be reloaded on the 
fly. Note too that for 8-bit resolution only the low byte 
of the frequency counter needs to be read, since the 
high byte is necessarily O. However, one may want to 
test the high byte to ensure that it is zero, as a sanity 
check on the data. Both bytes, of course must be re- 
loaded. 


Measuring the period of the transducer signal means 
measuring the total elapsed time over a known number, 
N, of transducer pulses. The quantity that is directly 
measured is NT, where T is the period of the transduc- 
er signal in machine 
cycles. The relationship between T 


in machine cycles and the transducer frequency F in 
arbitrary frequency units is 


T = F~al x (1/12), 


where Fxtal is the 80C51BH clock frequency, in the 
same units as F. 


The full scale range then is Nx (Tmax-Tmin). 
For 


n-bit resolution. 


Therefore the number of periods over which the elapsed 
time should be measured is 


2" 
N=--- 
Tmax-Tmin 


However, N must also be an integer. It is logical to 
evaluate the above formula (don't forget Tmax and 
Tmin have to be in machine cycles) and select for N the 
next higher integer. This selection gives a period mea- 
surement that has somewhat more than n-bit resolu- 
tion, but it can be scaled back if desired. 


For example, suppose we want 8-bit resolution in the 
measurement of the period of a signal whose frequency 
varies from 7.1 kHz to 9 kHz. If the clock frequency is 
12 MHz, then Tmax is (12000 kHz/7.1 kHz) x (1/12) 
= 
141 machine cycles. Tmin is III 
machine cycles. 


The required value for N, then, is 256/(141-111) = 
8.53 periods, according to the formula. Using N = 9 
periods will give a maximum NT value of 141 x 9 = 
1269 machine cycles. The minimum NT will be 111 x 
9 = 999 machine cycles. A lookup table can be used to 


scale these values back to a range of 0 to 255, giving 
precisely the 8-bit resolution desired. 


To implement the measurement, one timer is used to 
measure the elapsed time, NT. The transducer is con- 
nected to one of the external interrupt pins, and this 
interrupt is configured to the transition-activated mode. 
In the transition-activated mode every I-to-O transition 
in the transducer output will generate an interrupt. The 
interrupt routine counts transducer pulses, and when it 
gets to the predetermined N, it reads and clears the 
timer. For the specific example cited above, the inter- 
rupt routine might be: 


INTERRUPT_RESPONSE: 
DJNZ 
N,OUT 


MOV 
N,#9 


CLR 
EA 
CLR 
TRI 


MOV 
NT_LO,TLI 


MOV 
NT_HI,THI 


MOV 
TLl,#9 


MOV 
THl,#O 


SETB 
TRI 
SErB 
EA 
CALL 
LOOKUP_TABLE 


OUT: 
RETI 


In this routine a pulse counter N is decremented from 
its preset value, 9, to zero. When the counter gets to 
zero it is reloaded to 9. Then all interrupts are blocked 
for a short time while the timer is read and cleared. The 
timer is stopped during the read and clear operations, 
so "clearing" it actually means presetting it to 9, to 
make up for the 9 machine cycles that are missed while 
the timer is stopped. 


The subroutine LOOKUP_TABLE 
is used to scale 


the measurement back to the desired 8-bit resolution. It 
can also include built-in corrections for errors or non- 
linearities in the transducer's transfer function. 


The subroutine uses the MOVC A, 
@ A + DPTR 


instruction to access the table, which contains 270 en- 
tries commencing lit the 16-bit address referred to as 
TABLE. The subrdutine must compute the address of 
the table entry that corresponds to the measured value 
of NT. This address is 


LOOKUP_TABLE: 
PUSH 
PUSH 
MOV 
ADD 
MOV 
MOV 


ACC 
PSW 
A,#LOW(TABLE-NTMIN) 
A,NLLO 
DPL,A 
A,#HIGH(TABLE-NMTIN) 


ADDC 
MOV 
CLR 
MOVC 
MOV 
POP 
POP 
RET 


A,NT_HI 
DPH,A 
A 
A,@A+DTPR 
PERIOD,A 
PSW 
ACC 


At this point the value of the period of the transducer 
signal, measured to 8 bit resolution, is contained in PE- 
RIOD. 


The 80C5lBH timers have an operating mode which is 
particularly suited to pulse width measurements, and 
will be useful in these applications if the transducer 
signal has a fixed duty cycle. 


In this mode the timer is turned on by the on-chip 
circuitry in response to an input high at the external 
interrupt pin, and off by an input low, and it can do this 
while the 80C5IBH is in Idle. (The "GATE" 
mode of 


timer operation is described in the Intel Microcontrol- 
ler Handbook.) The external interrupt itself can be en- 
abled, so the same I-to-Otransition from the transducer 
that turns off the timer also generates an interrupt. The 
interrupt routine then reads and resets the timer. 


The advantage of this method is that the transducer 
signal has direct access to the timer gate, with the result 
that variations in interrupt response time have no effect 
on the measurement. 


Resonant transducers that are designed to fully exploit 
the GATE mode have an internal divide-by-N circuit 
that fixes the duty cycle at 50% and lowers the output 
frequency to the range of 250 to 500 Hz (to control 
RFI). The transfer function between transducer period 
and measurand is approximately linear, with known 
and repeatable error functions. 


The CHMOS version of the 8051 is architecturally 
identical with the HMOS version, but there are never- 
theless some important differences between them which 
the designer should be aware of. In addition, some ap- 
plications require interchangeability 
between HMOS 


and CHMOS parts. The differences that need to be con- 
sidered are as follows: 


External Clock Drive: To drive the HMOS 8051 with 
an external clock signal, one normally grounds the 
XTALI pin and drives the XTAL2 pin. To drive the 
CHMOS 8051 with an external clock signal, one must 
drive the XTALI pin and leave the XTAL2 pin uncon- 
nected. The reason for the difference is that in the 
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is the XTALl pin that drives the internal c10ckmg Cir- 
cuits. 


There are several ways to design an external clock drive 
to work with both types. For low clock frequencies (be- 
low 6 MHz), the HMOS 8051 can be driven in the same 
way as the CHMOS version, namely, throu~h XTALl 
with XTAL2 unconnected. Another way 
IS to dnve 


both XTALl and XTAL2; that is, drive XTALl and 
use and external inverter to derive from XTA.Ll a sig- 
nal with which to drive XTAL2. 


In either case, a 74HC or 74HCT circuit makes an e~- 
cellent driver for XTALl and/or XTAL2, because nei- 
ther the HMOS nor the CHMOS XTAL pins have 
TIL-like input logic levels. 


Unused Pins: Unused pins of Ports 1, 2 and 3 can be 
ignored in both HMOS and CHMOS designs. The in- 
ternal pullups will put them into a defined state. Un- 
used Port 0 pins in 8051 applications can be ignored, 
even if they're floating. But in 80C51BH applications, 
these pins should not be left afloat. They can be exter- 
nally pulled up or down, or they can be internally 
pulled down by writing Os to them. 


8031180C31BH designs mayor 
may not need pullups 


on Port O. Pullups aren't needed for program fetches, 
because in bus operations the pins are actively pulled 
high or low by either the 8031 or the external program 
memory. But they are needed for the CHMOS part if 
the Idle or Power Down mode is invoked, because in 
these modes Port 0 floats. 


Logic Levels: If Vcc is between 4.5V and 5.5V, an 
input signal that meets the HMOS 8051's input logic 
levels will also meet the CHMOS 80C51BH's input log- 
ic levels (except for XTALl/XTAL2 
and RST). For 


the same Vcc condition, the CHMOS device will reach 
or surpass the output logic levels of the HMOS device. 
The HMOS device will not necessarily reach the output 
logic levels of the CHMOS device. T~is is an impor~~nt 
consideration 
if HMOS/CHMOS 
mterchangeablhty 


must be maintained in an otherwise CMOS system. 


HMOS 8051 outputs that have internal pullups (Ports 
1, 2, and 3) "typically" reach 4V or more ifloH is zero, 
but not fast enough to meet timing specs. Adding an 
external pullup resistor will ensure the logic level, but 
still not the timing, as shown in Figure 23. If timing is 
an issue, the best way to interface HMOS to CMOS is 
through a 74HCT circuit. 


Idle and Power Down: The Idle and Power Down 
modes exist only on the CHMOS devices, but if one 


Figure 23. O-to-1 Transition Shows Unspec'd 
Delay (~t) in HMOS to 74HC Logic 


wishes to preserve 
the capability 
of interchanging 


HMOS and CHMOS 8051s the software has to be de- 
signed so that the HMOS parts will respond in an ac- 
ceptable manner when a CHMOS reduced power mode 
is invoked. 


For example, an instruction that invokes Power Down 
can be followed by a "JMP $": 


CLR 
EA 
ORL 
PCON,#2 
JMP 
$ 


The CHMOS and HMOS parts will respond to this 
sequence of code differently. The CHMOS part~ going 
into a normal CHMOS Power Down Mode, Will stop 
fetching instructions until it gets a hardware reset. The 
HMOS part will go through the motions of ex.ecuting 
the ORL instruction, and then fetch the JMP mstruc- 
tion. It will continue fetching and executing JMP $ un- 
til hardware reset. 


Maintaining HMOS/CHMOS 
8051 interchangeability 


in response to Idle requires more planning. The HMOS 
part will not respond to the instruction that puts the 
CHMOS part into Idle, so that instruction needs to be 
followed by a software idle. This would be an idling 
loop which would be terminated by the same conditions 
that would terminate 
the CHMOS's 
hardware 
Idle. 


Then when the CHMOS device goes into Idle, the 
HMOS version executes the idling loop, until either a 
hardware reset or an enabled interrupt is received. Now 
if Idle is terminated by an interrupt, execution for the 
CHMOS device will proceed after RETI from the in- 
struction following the one that invoked Idle. The in- 
struction following the one that invoked Idle is the 
idling loop that was inserted for the HMOS device. At 
this point, both the HMOS and CHMOS devices must 
be able to fall through the loop to continue execution. 


inter 


One way to achieve the desired effect is to define a 
"fake" Idle flag, and set it just before going into Idle. 
The instruction that invoked Idle is followed by a soft- 
ware idle: 


SETB 
ORL 
JB 


IDLE 
PCON,#l 
IDLE,$ 


Now the interrupt that terminates the CHMOS's Idle 
must also break the software idle. It does so by clearing 
the "Idle" bit: 


CLR 
IDLE 
RETI 


Note too that the PCON register in the HMOS 8051 
contains only one bit, SMOD, whereas the PCON reg- 
ister in CHMOS contains SMOD plus four other bits. 
Two of those other bits are general purpose flags. Main- 
taining 
HMOS/CHMOS 
interchangeability 
requires 
that these flags not be used. 
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The UPI-452 targets the leading problem in peripheral 
to host interfacing, the interface of a slow peripheral 
with a fast Host or "bus utilization". The solution is 
data butTering to reduce the delay and overhead of 
transferring data between the Host microprocessor and 
I/O subsystem. The Intel CMOS UPI-452 solves this 
problem by combining a sophisticated programmable 
FIFO butTer and a slave interface with an MSC-51 
based microcontroller. 


The UPI-452 is Intel's newest Universal Peripheral In- 
terface family member. The UPI-452 FIFO butTer en- 
ables Host-peripheral 
communications to be through 


streams or bursts of data rather than by individual 
bytes. In addition the FIFO provides a means of em- 
bedding commands within a stream or block of data. 
This enables the system designer to manage data and 
commands to further otT-load the Host. 


The UPI-452 interfaces to the iAPX 286 microproces- 
sor as a standard Intel slave peripheral device. READ, 
WRITE, CS and address lines from the Host are used 
to access all of the Host addressable UPI-452 Special 
Function Registers (SFR). 


The UPI-452 combines an MSC-51 microcontroller, 
with 256 bytes of on-chip RAM and 8K bytes of 
EPROM/ROM, 
twice that of the 80C51, a two channel 


DMA controller 
and a sophisticated 
128 byte, two 


channel, bidirectional FIFO 
in a single device. The 


UPI-452 retains all of the 80C51 architecture, and is 
fully compatible with the MSC-51 instruction set. 


This application note is a description of an iAPX 286 to 
UPI-452 slave interface. Included is a discussion of the 
respective timings and design considerations. This ap- 
plication note is meant as a supplement to the UPI-452 
Advance Data Sheet. The user should consult the data 
sheet for additional details on the various UPI-452 
functions and features. 


UPI-452 
iAPX 286 SYSTEM 


CONFIGURATION 


The interface described in this application 
note is 
shown in Figure I, iAPX 286 UPI-452 System Block 
Diagram. The iAPX 286 system is configured in a local 
bus architecture design. DMA between the Host and 
the UPI-452 
is supported 
by the 82258 Advanced 


DMA Controller. The Host microprocessor accesses all 
UPI-452 externally addressable registers through ad- 
dress decoding (see Table 3, UPI-452 External Address 
Decoding). The timings and interface descriptions be- 
low are given in equation form with examples of specif- 
ic calculations. The goal of this application note is a set 
of interface analysis equations. These equations are the 
tools a system designer can use to fully utilize the fea- 
tures of the UPI-452 to achieve maximum system per- 
formance. 


HOST-UPI-452 
FIFO SLAVE 
INTERFACE 


The UPI-452 FIFO acts as a butTer between the exter- 
nal Host 80286 and the internal CPU. The FIFO allows 
the Host - peripheral interface to achieve maximum de- 
coupling of the interface. Each of the two FIFO chan- 
nels is fully user programmable. The FIFO butTer en- 
sures that the respective CPU, Host or internal CPU, 
receives data in the same order as transmitted. Three 
slave bus interface handshake methods are supported 
by the UPI-452; DMA, Interrupt and Polled. 


The interface between the Host 80286 and the UPI-452 
is accomplished with a minimum of signals. The 8 bit 
data bus plus READ, WRITE, CS, and AO-2 provide 
access to all of the externally addressable UPI-452 reg- 
isters including the two FIFO channels. Interrupt and 
DMA handshaking pins are tied directly to the inter- 
rupt controller and DMA controller respectively. 


DMA transfers between the Host and UPI-452 are con- 
trolled by the Host processors DMA controller. In the 
example shown in Figure I, the Host DMA controller 
is the 82258 Advanced DMA Controller. An internal 
DMA transfer to or from the FIFO, as well as between 
other internal elements, is controlled by the UPI-452 
internal DMA processor. The internal DMA processor 
can also transfer data between Input and Output FIFO 
channels directly. The description that follows details 
the UPI-452 interface from both the Host processor's 
and the UPI-452's internal CPU perspective. 


One of the unique features of the UPI-452 FIFO is its 
ability to distinguish between commands and data em- 
bedded in the same data block. Both interrupts 
and 


status flags are provided to support this operation in 
either direction of data transfer. These flags and inter- 
rupts are triggered by the FIFO logic independent of, 
and transparent to either the Host or internal CPUs. 
Commands embedded in the data block, or stream, are 
called Data Stream Commands. 


Programmable FIFO channel Thresholds are another 
unique feature of the UPI-452. The Thresholds provide 
for interrupting 
the Host only when the Threshold 


number of bytes can be read or written to the FIFO 
butTer. This further decouples the Host UPI-452 inter- 
face by relieving the Host of polling the butTerto deter- 
mine the number of bytes that can be read or written. It 
also reduces the chances of overrun and underrun er- 
rors which must be processed. 


The UPI-452 also provides a means of bypassing the 
FIFO, in both directions, for an immediate interrupt of 
either the Host or internal CPU. These commands are 
called Immediate Commands. A complete description 
of the internal FIFO logic operation is given in the 
FIFO Data Structure section. 
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The UPI-452 at power-on reset automatically performs 
a minimum initialization of itself. The UPI-452 notifies 
the Host that it is in the process of initialization by 
setting a Host Status SFR bit. The user UPI-452 pro- 
gram must release the UPI-452 from initialization for 
the FIFO to be accessible by the Host. This is the mini- 
mum Host to UPI-452 initialization sequence. All fur- 
ther initialization and configuration of the UPI-452, in- 
cluding the FIFO, is done by the internal CPU under 
user program control. No interaction or programming 
is required by the Host 80286 for UPI-452 initializa- 
tion. 


At power-on reset the UPI-452 automatically enters 
FIFO DMA Freeze Mode by resetting the Slave Con- 
trol (SLCON) SFR FIFO DMA Freeze/Normal 
Mode 


bit to FIFO DMA Freeze Mode (FRZ = "0"). This 
forces the Slave Status (SSTAT) and Host 
Status 


(HSTAT) SFR FIFO DMA FreezelNormal 
Mode bits 


to FIFO DMA Freeze Mode In Progress. FIFO DMA 
Freeze Mode allows the FIFO interface to be config- 
ured, by the internal CPU, while inhibiting Host access 
to the FIFO. 


The MODE SFR is forced to zero at reset. This dis- 
ables, (tri-states) the DRQIN/INTRQIN, 
DRQOUT/ 
INTRQOUT 
and INTRQ output pins. INTRQ is in- 


hibited from going active to reflect the fact that a Host 
Status SFR bit, FIFO DMA Freeze Mode, is active. If 
the MODE 
SFR 
INTRQ 
configure bit is enabled 


(= 'I '), before the Slave Control and Host Status SFR 
FIFO DMA Freeze/Normal 
Mode bit is set to Normal 


Mode, INTRQ will go active immediately. 


The first action by the Host following reset is to read 
the UPI-452 Host Status SFR Freeze/Normal 
Mode 


bit to determine the status of the interface. This may be 
done in response to a UPI-452 INTRQ interrupt, or by 
polling the Host Status SFR. Reading the Host Status 
SFR resets the INTRQ line low. 


Any of the five FIFO interface SFRs, as well as a vari- 
ety of additional features, may be programmed by the 
internal CPU following reset. At power-on reset, the 
five FIFO Special Function Registers are set to their 
default values as listed in Table I. All reserved location 
bits are set to one, all other bits are set to zero in these 
three SFRs. The FIFO SFRs listed in Table I can be 
programmed only while the UPI-452 is in FIFO DMA 
Freeze Mode. The balance of the UPI·452 SFRs default 
values and descriptions are listed in the UPI-452 Ad- 
vance Data Sheet in the Intel Microsystems Compo- 
nent Handbook Volume II and Microcontroller Hand- 
book. 


The above sequence is the minimum UPI·452 internal 
initialization required. The last initialization instruction 
must always set the UPI-452 to Normal Mode. This 
causes the UPI-452 to exit Freeze Mode and enables 


Host read/write access of the FIFO. The internal CPU 
sets the Slave Control (SLCON) SFR FIFO 
DMA 


Freeze/Normal 
Mode (FRZ) bit high (= I) to activate 


Normal Mode. Ths causes the...Slave Status (SSTAT) 
and Host Status (HSTAT) SFR FIFO DMA Freeze 
Mode bits to be set to Normal Mode. Table 2, UPI-452 
Initialization Event Sequence Example, shows a sum- 
mary of the initialization events described above. 


Table 1. FIFO Special Function 


Register Default Values 


SFRName 
Label 
Reset 
Value 


Channel Boundary Pointer 
CBP 
40H/64D 


Output Channel Read Pointer 
ORPR 
40H/64D 


Output Channel Write Pointer 
OWPR 
40H/64D 


Input Channel Read Pointer 
IRPR 
OOH/OD 


Input Channel Write Pointer 
IWPR 
OOH/OD 


Input Threshold 
ITH 
OOH/OD 


Output Threshold 
OTH 
01H/1D 


Table 2. UPI·452 Initialization 


Event Sequence Example 


Event Description 
SFR/bit 


Power-on Reset 


UPI·452 forces FIFO DMA 
SLCON FRZ = 0 


Freeze Mode (Host access to 
FIFO inhibited) 


UPI·452 forces Slave Status and 
SSTAT SST5 = 0 


Host Status SFR to FIFO DMA 
HSTAT HST1 = 1 


Freeze Mode In Progress 


UPI-452 forces all SFRs, 
including FIFO SFRs, to default 
values. 


• UPI-452 user program enables 
MODE MD4 = 1 


INTRa, INTRa goes active, high 


• Host READ's UPI·452 Host 
Status (HSTAn SFR to 
determine interrupt source, 
INTRa goes low 


• UPI-452 user program initializes 
any other SFRs; FIFO, Interrupts, 
Timers/Counters, 
etc. 


User program sets Slave Control 
SLCON FRZ = 1 


SFR to Normal Mode (Host 
access to FIFO enabled) 


UPI·452 forces Slave and Host 
SSTAT SST5 = 1 


Status SFRs bits to Normal 
HSTAT HST1 = 0 


Operation 


• Host polls Host Status SFR to 
determine when it can access the 
FIFO 
·or- 


• Host waits for UPI·452 Request 
for Service interrupt to access 
FIFO 


inter 


The UPI-452 provides three means of communication 
between the Host microprocessor and the UPI-452 in 
either direction; 


Data 
Data Stream Commands 
Immediate Commands 


Data and Data Stream Commands (DSC) are trans- 
ferred between the Host and UPI-452 through the UPI- 
452 FIFO butTer. The third, Immediate Commands, 
provides a means of bypassing the FIFO entirely. These 
three data types are in addition to direct access by ei- 
ther Host or Internal CPU of dedicated Status and 
Control Special Function Registers (SFR). 


The FIFO appears to both the Host 80286 and the in- 
ternal CPU as 8 bits wide. Internally the FIFO is logi- 
cally nine bits wide. The ninth bit indicates whether the 
byte is a data or a Data Stream Command (DSC) byte; 
o = data, I = DSC. The ninth bit is set by the FIFO 
logic in response to the address specified when writing 
to the FIFO by either Host or internal CPU. The FIFO 
uses the ninth bit to condition the UPI-452 interrupts 
and status flags as a byte is made available for a Host or 
internal CPU read from the FIFO. Figures 2 and 3 
show the structure of each FIFO channel and the logi- 
ca1ninth bit. 


It is important to note that both data and DSCs are 
actually entered into the FIFO butTer (see Figures 2 
and 3). External addressing of the FIFO determines the 
state of the internal FIFO logic ninth bit. Table 3 shows 
the UPI-452 External Address Decoding used by the 
Host and the corresponding action. The internal CPU 
interface to the FIFO is essentially identical to the ex- 
ternal Host interface. Dedicated internal Special Func- 
tion Registers provide the interface between the FIFO, 
internal CPU and the internal two channel DMA proc- 
essor. FIFO read and write operations by the Host and 
internal CPU are interleaved by the UPI-452 so they 
appear to be occurring simultaneously. 


The ninth bit provides a means of supporting two data 
types within the FIFO butTer. This feature enables the 
Host and UPI-452 to transfer both commands and data 
while maintaining the decoupled interface a FIFO butT- 
er provides. The logical ninth bit provides both a means 
of embedding commands within a block of data and a 
means for the internal CPU, or external Host, to dis- 
criminate between data and commands. Data or DSCs 
may be written in any order desired. Data Stream 


Commands can be used to structure or dispatch the 
data by defining the start and end of data blocks or 
packets, or how the data following a DSC is to be pro- 
cessed. 


A Data Stream Command (DSC) acts as an internal 
service routine vector. The DSC generates an interrupt 
to a service routine which reads the DSC. The DSC 
byte acts as an address vector to a user defined service 
routine. The address can be any program or data mem- 
ory location with no restriction on the number of DSCs 
or address boundaries. 


A Data Stream Command (DSC) can also be used to 
clear data from the FIFO or "FLUSH" the FIFO. This 
is done by appending a DSC to the end of a block of 
data entered in the FIFO which is less than the pro- 
grammed threshold number of bytes. The DSC will 
cause an interrupt, if enabled, to the respective receiv- 
ing CPU. This ensures that a less than Threshold num- 
ber of bytes in the FIFO will be read. Two conditions 
force a Request for Service interrupt, if enabled, to the 
Host. The first is due to a Threshold number of bytes 
having been written to the FIFO Output channel; the 
second is if a DSC is written to the Output FIFO chan- 
nel. If less than the Threshold number of bytes are writ- 
ten to the Output FIFO channel, the Host Status SFR 
flag will not be set, and a Request for Service interrupt 
will not be generated, if enabled. By appending a DSC 
to end of the data block, the FIFO Request for Service 
flag and! or interrupt will be generated. 


An example of a FIFO Flush application is a mass stor- 
age subsystem. The UPI-452 provides the system inter- 
face to a subsystem which supports tape and disk stor- 
age. The FIFO size is dynamically changed to provide 
the maximum butTer size for the direction of transfer. 
Large data blocks are the norm in this application. The 
FIFO Flush provides a means of purging the FIFO of 
the last bytes of a transfer. This guarantees that the 
block, no matter what its size, will be transmitted out of 
the FIFO. 


Immediate Commands allow more direct communica- 
tion between the Host processor and the UPI-452 by 
bypassing the FIFO in either direction. The Immediate 
Command IN and OUT SFRs are two more unique 
address locations externally and internally addressable. 
Both DSCs and Immediate Commands have internal 
interrupts and interrupt priorities associated with their 
operation. The interrupts are enabled or disabled by 
setting 
corresponding 
bits 
in 
the 
Slave 
Control 


(SLCON), Interrupt 
Enable (1EC), Interrupt 
Priority 


(lPC) and Interrupt Enable and Priority (IEP) SFRs. A 
detailed description of each of these may be found in 
the UPI-452 Advance Information Data Sheet. 
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DACK 
CS 
A2 
A1 
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READ 
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1 
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Below is a detailed description of each FIFO channel's 
operation, including the FIFO logic response to the 
ninth bit, as a byte moves through the channel. The 
description covers each of the three data types for each 
channel. The details below provide a picture of the vari- 
ous FIFO features and operation. By understanding the 
FIFO structure and operation the user can optimize the 
interface to meet the requirements of an individual de- 
sign. 


This section covers the data path from the internal 
CPU to the HOST. Data Stream Command or Immedi- 
ate Command processing during Host DMA Opera- 
tions is covered in the DMA section. 


The internal CPU writes data and Data Stream Com- 
mands into the FIFO through the FIFO OUT (FOUT) 
and Command OUT (COUT) SFRs. When a Thresh- 
old number of bytes has been written, the Host Status 
SFR Output FIFO Request for Service bit is set and an 
interrupt, if enabled, is generated to the Host. Either 
the INTRQ 
or DRQOUT/INTRQOUT 
output pins 
can be used for this interrupt 
as determined by the 


MODE and Host Control (HCON) SFR setting. The 
Host responds to the Request for Service interrupt by 
reading the Host Status (HSTAT) SFR to determine 
the source of the interrupt. The Host then reads the 
Threshold number of bytes from the FIFO. The inter- 
nal CPU may continue to write to the FIFO during the 
Host read of the FIFO Output channel. 


inter 


Data Stream Commands may be written to the Output 
FIFO channel at any time during a write of data bytes. 
The write instruction need only specify the Command 
Out (COUT) SFR in the direct register instruction 
used. Immediate Commands may also be written at any 
time to the Immediate Command OUT (IMOUT) SFR. 
The Host reads Immediate Commands from the Imme- 
diate Command OUT (IMOUT). 


The internal CPU can determine the number of bytes to 
write to the FIFO Output channel in one of three ways. 
The first, and most efficient, is by utilizing the internal 
DMA processor which will automatically manage the 
writing of data to avoid Underrun or Overrun Errors. 
The second is for the internal CPU to read the Output 
FIFO channels Read and Write Pointers and compare 
their values to determine the available space. The third 
method for determining the available FIFO space is to 
always write the programmed channel size number of 
bytes to the Output FIFO. This method would use the 
Overrun Error flag and interrupt to halt FIFO writing 
whenever the available space was less than the channel 
size. The interrupt service routine could read the chan- 
nel pointers to determine or monitor the available chan- 
nel space. The time required for the internal CPU to 
write data to the Output FIFO channel is a function of 
the individual instruction cycle time and the number of 
bytes to be written. 


The Host reads data or Data Stream Commands (DSC) 
from 
the 
FIFO 
in 
response 
to 
the 
Host 
Status 


(HSTAT) SFR flags and interrupts, 
if enabled. All 


Host read operations access the same UPI-452 internal 
I/O 
ButTer Latch. At the end of the previous Host 


FIFO read cycle a byte is loaded from the FIFO into 
the I/O ButTer Latch and Host Status (HSTAT) SFR 
bit 5 is set or cleared (I = DSC, 0 = data) to reflect 
the state of the byte's FIFO ninth bit. If the FIFO ninth 
bit is set (= I) indicating a DSC, an interrupt is gener- 
ated 
to 
the 
external 
Host 
via 
INTRQ 
pin 
or 


INTRQIN/INTRQOUT 
pins as determined by Host 


Control (HCON) SFR bit I. The Host then reads the 
Host Status (HSTAT) SFR to determine the source of 
the interrupt. 


The most efficient Host read operation of the FIFO 
Output channel is through the use of Host DMA. The 
UPI-452 fully supports external DMA handshaking. 
The MODE and Host Control SFRs control the config- 
uration of UPI-452 Host DMA handshake outputs. If 
Host DMA is used the Threshold Request for Service 
interrupt 
asserts 
the 
UPI-452 
DMA 
Request 


(DRQOUT) 
output. 
The Host DMA 
processor ac- 


knowledges with DACK which acts as a chip select of 
the FIFO 
channels. The DMA transfer would stop 


when either the threshold byte count had been read, as 
programmed in the Host DMA processor, or when the 
DRQOUT output is brought inactive by the UPI-452. 


This section covers the data path from the HOST to the 
internal CPU or internal DMA processor. The details 
of Data Stream Command or Immediate Command 
processing during internal DMA operations are cov- 
ered in the DMA section below. 


The Host writes data and Data Stream Commands into 
the FIFO through the FIFO IN (FIN) and Command 
IN (CIN) SFRs. When a Threshold number of bytes 
has been read out of the Input FIFO channel by the 
internal CPU, the Host Status SFR Input FIFO Re- 
quest for Service bit is set and an interrupt, if enabled, 
is generated to the Host. The Input FIFO Threshold 
interrupt tells the Host that it may write the next block 
of data into the FIFO. Either the INTRQ or DRQIN/ 
INTRQIN output pins can be used for this interrupt as 
determined by the MODE and Host Control (HCON) 
SFR settings. The Host may continue to write to the 
FIFO Input channel during the internal CPU read of 
the FIFO. Data Stream Commands may be written to 
the FIFO Input channel at any time during a write of 
data bytes. Immediate Commands may also be written 
at any time to the Immediate Command IN (IMIN) 
SFR. 


The Host also has three methods for determining the 
available FIFO space. Two are essentially identical to 
that of the internal CPU. They involve reading the 
FIFO Input channel pointers and using the Host Status 
SFR Underrun and Overrun Error flags and Request 
for Service interrupts these would generate, if enabled 
in combination. The third involves using the UPI-452 
Host DMA controller handshake signals and the pro- 
grammed Input FIFO Threshold. The Host would re- 
ceive a Request for Service interrupt when an Input 
FIFO channel has a Theshold number of bytes able to 
be written by the Host. The Host service routine would 
then write the Threshold number of bytes to the FIFO. 


If a Host DMA is used to write to the FIFO Input 
channel, the Threshold Request for Service interrupt 
could assert the UPI-452 DRQIN 
output. The Host 


DMA processor would assert DACK and the FIFO 
write would be completed by Host the DMA processor. 
The DMA transfer would stop when either the Thresh- 
old byte count had been written or the DRQIN output 
was removed by the UPI-452. Additional details on 
Host and internal DMA operation is given below. 


At the end of an internal CPU read cycle a byte is 
loaded from the FIFO buffer into the FIFO IN/Com- 
mand IN SFR and Slave Status (SSTAT) SFR bit I is 
set or cleared (I = data, 0 = DSC) to reflect the state 
of the FIFO ninth bit. If the byte is a DSC, the FIFO 
ninth bit is set (= I) and an interrupt is generated, if 
enabled, to the Internal CPU. The internal CPU then 
reads the Slave Status (SSTAT) SFR to determine the 
source of the interrupt. 


Immediate Commands are written by the Host and 
read by the internal CPU through the Immediate Com- 
mand IN (IMIN) SFR. Once written, an Immediate 
Command sets the Slave Status (SSTAT) SFR flag bit 
and generates an interrupt, if enabled, to the internal 
CPU. In response to the interrupt the internal CPU 
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reads the Slave Status (SSTAT) SFR to determine the 
source of the interrupt and service the Immediate Com- 
mand. 


The Host does not have direct control of the FIFO 
Input or Output channel sizes or configuration. The 
Host can, however, issue Data Stream Commands or 
Immediate Commands to the UPI-452 instructing the 
UPI-452 to reconfigure the FIFO interface by invoking 
FIFO 
DMA Freeze Mode. The Data Stream Com- 


mand or Immediate Command would be a vector to a 
service routine which performs the specific reconfigura- 
tion. 


The default power-on reset FIFO channel sizes are list- 
ed in the "Initialization" section and can be set only by 
the internal CPU during FIFO DMA Freeze Mode. 
The FIFO channel size is selected to-achieve the opti- 
mum application 
performance. 
The entire 
128 byte 


FIFO can be allocated to either the Input or Output 
channel. In this case the other channel consists of a 
single SFR; FIFO IN/Command 
IN or FIFO OUT/ 


Command OUT SFR. Figure 4 shows a FIFO division 
with a portion devoted to each channel. Figure 5 shows 
a FIFO configuration with all 128 bytes assigned to the 
Output channel. 


The FIFO channel Threshold feature allows the user to 
match the FIFO channel size and the performance of 
the internal and Host data transfer rates. The pro- 
grammed Threshold provides an elasticity to the data 
transfer operation. An example is if the Host FIFO 


HOST CPU -+I 
,1,0 
IN S,R 
~ 


CHANNEL 
BOUNDRY -+ 
POINTER 


(CBP) 
FI,O 
INPUT 
CHANNEL 


data transfer rate is twice as fast as the internal FIFO 
DMA data transfer rate. In this example the FIFO In- 
put channel size is programmed to be 64 bytes and the 
Input channel Threshold is programmed to be 20 bytes. 
The Host writes the first 64 bytes to the Input FIFO. 
When the internal DMA processor has read 20 bytes 
the Threshold interrupt, or DMA request (DRQIN), is 
generated to signal the Host to begin writing more data 
to the Input FIFO channel. The internal DMA proces- 
sor continues to read data from the Input channel as 
the Host, or Host DMA processor, writes to the FIFO. 
The Host can write 40 bytes to the FIFO Input chan- 
nels in the time it takes for the internal DMA processor 
to read 20 more bytes from it. This will keep both the 
Host and internal DMA operating at their maximum 
rates without forcing one to wait for the other. 


Two methods of managing the FIFO size are possible; 
fixed and variable channel size. A fixed channel size is 
one where the channel is configured at initialization 
and remains unchanged throughout program execution. 
In a variable FIFO channel size, the configuration is 
changed dynamically to meet the data transmission re- 
quirements as needed. An example of a variable chan- 
nel size application is the mass storage subsystem de- 
scribed earlier. To meet the demands of a large data 
block transfer the FIFO size could be fully allocated to 
the Input or Output channel as needed. The Thresholds 
are also reprogrammed to match the respective data 
transfer rates. 


An example of a fixedchannel size application might be 
one which uses the UPI-452 to directly control a series 
of stepper motors. The UPI-452 manages the motor 
operation and status as required. This would include 
pulse train, acceleration, deceleration and feedback. 
The Host transmits motor commands to the UPI-452 in 
blocks of 6-10 bytes. Each block of motor command 
data is preceded by a command to the llPI-452 which 
selects a specific motor. The UPI-452 transmits blocks 
of data to the Host which provides motor and overall 
system status. The data and embedded commands 
structure, indicating the specific motor, is the same. In 


this example the default 64 bytes per channel might be 
adequate for both channels. 


Interrupts enable the Host UPI-452 FIFO buffer inter- 
face and the internal CPU FIFO buffer interface to 
operate with a minimum of overhead on the respective 
CPU. Each CPU is "interrupted" to service the FIFO 
on an as needed basis only. In configuring the FIFO 
buffer Thresholds and choosing the appropriate inter- 
nal DMA Mode the user must take into account the 
interrupt response time for both CPUs. These response 
times will affect the DMA transfer rates for each chan- 
nel. By choosing FIFO channel Thresholds which re- 
flect both the respective DMA transfer rate and the 
interrupt response time the user will achieve the maxi- 
mum data throughput and system bus decoupling. This 
in turn will mean the overall availablesystem bus band- 
width will increase. 


The followingsection describes the FIFO interrupt in- 
terface to the Host and internal CPU. It also describes 
an analysis of sample interrupt response times for the 
Host and UPI-452 internal CPU. These equations and 
the example times shown are then used in the DMA 
section to further analyze an optimum Host UPI-452 
interface. 


Interrupts to the Host processor are supported by the 
three 
UPI-452 
output 
pins; 
INTRQ, 
DRQINI 


INTRQIN and DRQOUT/INTRQOUT. 
INTRQ is a 


general purpose Request For Service interrupt output. 
DRQIN/INTRQIN 
and DRQOUT/INRQOUT 
pins 


are multiplexed to provide two special "Request for 
Service" FIFO interrupt request lines when DMA is 
disabled. A FIFO Input or Output channel Request for 
Serviceinterrupt is generated based upon the value pro- 
grammed in the respective channel's Threshold SFRs; 
Input 
Threshold 
(ITHR), 
and 
Output 
Threshold 


inter 


(OTHR) SFRs. Additional interrupts are provided for 
FIFO 
Underrun 
and Overrun 
Errors, 
Data 
Stream 
Commands 
and Immediate Commands. Table 4 lists 
the eight UPI-452 interrupt sources as they appear in 
the HSTAT SFR to the Host processor. 


Table 4. UPI·452 to Host Interrupt 
Sources 


HSTAT 
Interrupt 
Source 
SFR Bit 


HST7 
Output FIFO Underrun 
Error 


HST6 
Immediate 
Command 
Out SFR Status 


HST5 
Data Stream Command/Data 
at Output 
FIFO Status 


HST4 
Output FIFO Request 
for Service Status 


HST3 
Input FIFO Overrun 
Error Condition 


HST2 
Immediate 
Comamnd 
In SFR Status 


HST1 
FIFO DMA Freeze/Normal 
Mode 
Status 


HSTO 
Input FIFO Request for Service 


The interrupt response time required by the Host proc- 
essor is application and system specific. In general, a 
typical sequence of Host interrupt response events a~d 
the approximate times associated with each are listed In 
Equation 1. 


The 
example 
assumes 
the 
hardware 
configuration 


shown in Figure I, iAPX 2861UPI-452 Block Diagram, 
with an 8259A Programmable 
Interrupt 
Controller. 
The timing analysis in Equation I also assumes the fol- 
lowing; no other interrupt is either in process or pend- 
ing, nor is the 286 in a LOCK condition. The current 
instruction completion time is 8 clock cycles (800 ns @ 
10 MHz), or 4 bus cycles. The interrupt service routine 
first executes-a PUSHA instruction, PUSH All General 
Registers, to save all iAPX 286 internal registers. This 
requires 19 clocks (or 2.0 J-l-s@ 10 MHz), or 10 bus 
cycles (rounded to complete bus cycle). The next serv- 
ice routine instruction reads the UPI-452 Host Status 
SFR to determine the interrupt source. 


It is important to note that any UPI-452 INTRQ inter- 
rupt service routine should ALWAYS mask for the 
Freeze Mode bit first. This will insure that Freeze 
Mode always has the highest priority. This will also 
save the time required to mask for bits which are forced 
inactive during 
Freeze 
Mode, before checking the 


Freeze Mode bit. Access to the FIFO channels by the 
Host is inhibited during Freeze Mode. Freeze Mode is 
covered in more detail below. 


To initiate the interrupt 
the UPI-452 activates the 


INTRQ output. The interrupt acknowled~e sequence 
requires two bus cycles, 400 ns (10 MHz lAPX 286), 
for the two INT A pulse sequence. 


Equation 
1. Host Interrupt 
Response 
Time 


Bus 
Action 
Time 
Cycles' 


Current instruction 
execution 
completion 
INTA sequence 
Interrupt 
service routine (time 
to host first READ of UPI-452) 


Total Interrupt 
Response 
Time 


BOO ns 
400 ns 


2000 ns 
2.3 J-l-s 


NOTE: 
10 MHz iAPX 286 bus cycle, 200 ns each 


The internal CPU FIFO interrupt interface is essential- 
ly identical to that of the Host to the FIFO. Three 
internal interrupt sources support the FIFO operation; 
FIFO-Slave bus Interface Buffer, DMA Channel 0 and 
DMA Channel I Requests. These interrupts provide a 
maximum decoupling of the FIFO buffer and the inter- 
nal CPU. The four different internal DMA 
Modes 


available add flexibility to the interface. 


The FIFO-Slave Bus Interface interrupt 
response is 


also similar to the Host response to an INTRQ Request 
for Service interrupt. The internal CPU responds to the 
interrupt by reading the Slave Status (SSTAT) SFR to 
determine the source of the interrupt. This allows the 
user to prioritize the Slave Status flag response to meet 
the users application needs. 


The internal interrupt response time is dependent on 
the current instruction execution, whether the interrupt 
is enabled, and the interrupt priority. In general, to fin- 
ish execution of the current instruction, respond to the 
interrupt request, push the Program Counter (PC) and 
vector to the first instruction of the interrupt service 
routine requires from 38 to 86 oscillator periods (2.38 
to 5.38 J-l-s@ 16 MHz). If the interrupt is due to an 
Immediate Command or DSC, additional time is re- 
quired to read the Immediate Command or DSC SFR 
and vector to the appropriate 
service routine. This 


means two service routines back to back. One service 
routine to read the Slave Status (SSTAT) SFR to deter- 
mine the source of the Request for Service interrupt, 
and second the service routine pointed to by the Imme- 
diate Command or DSC byte read from the respective 
SFR. 


DMA is the fastest and most efficient way for the Host 
or internal CPU to communicate with the FIFO buffer. 
The UPI-452 provides support for both of these DMA 
paths. The two DMA paths and operations are fully 
independent of each other and can function simulta- 
neously. While the Host DMA processor is performing 
a DMA transfer to or from the FIFO, the UPI-452 
internal DMA processor can be doing the same. 


Below are descriptions of both the Host and internal 
DMA operations. Both DMA paths can operate asyn- 
chronously and at different transfer rates. In order to 
make the most of this simultaneous asynchronous oper- 
ation it is necessary to calculate the two transfer rates 
and accurately match their operations. Matching the 
different transfer rates is done by a combination of ac- 
curately programmed FIFO channel size and channel 
Thresholds. This provides the maximum Host and in- 
ternal CPU to FIFO buffer interface decoupling. Below 
is a description of each of the two DMA operations and 
sample calculations for determining transfer rates. The 
next section of this application note, "Interface Laten- 
cy", details the considerations involved in analyzing ef- 
fective transfer rates when the overhead associated with 
each transfer is considered. 


DMA transfers between the Host and UPI-452 FIFO 
buffer are controlled by the Host CPU's DMA control- 
ler, and is independent of the UPI-452's internal two 
channel DMA processor. The UPI-452's internal DMA 
processor supports data transfers between the UPI-452 
internal RAM, external RAM (via the Local Expansion 
Bus) and the various Special Function Registers includ- 
ing the FIFO Input and Output channel SFRs. 


The maximum DMA transfer rate is achieved by the 
minimum DMA transfer cycle time to accomplish a 
source to destination move. The minimum Host UPI- 
452 FIFO DMA cycle time possible is determined by 
the READ and WRITE pulse widths, UPI-452 com- 
mand recovery times in relation to the DMA transfer 
timing and DMA controller transfer mode used. Table 
5 shows the relationship between the iAPX-286, iAPX- 
186 and UPI-452 for various DMA as well as non- 
DMA byte by byte transfer modes versus processor fre- 
quencies. 


Host processor speed vs wait states required with UPI- 
452 running at 16 MHz: 


Table 5. Host UPI·452 


Data Transfer 
Performance 


Wait States: 
DMA: 
Processor 
& 
Back to Back 
Single 
Two 
Speed 
READI 
Cycle 
WRITE's 
Cycle 


iAPX-186' 
8MHz 
0 
N/A' 
0 


10 MHz 
0 
N/A' 
0 
12.5 MHz 
1 
N/A* 
0 


iAPX-286" 
6 MHz 
0 
0 
0 


8MHz 
1 
1 
0 


10 MHz 
2 
2 
0 


NOTES: 
, iAPX186 On-chipDMAprocessor is two cycle operation 


only. 


" iAPX286 assumes 82258 ADMA(or other DMA)run- 


ning286 bus cycles at 286 clock rate. 


In this application note system example, shown in Fig- 
ure I, DMA operation is assumed to be two bus cycle 
I/O to memory or memory to I/O. Two cycle DMA 
consists of a fetch bus cycle from the source and a store 
bus cycle to the destination. The data is stored in the 
DMA controller's registers before being sent to the des- 
tination. Single cycle DMA transfers involve a simulta- 
neous fetch from the source and store to the destina- 
tion. As the most common method of I/O-memory 
DMA operation, two cycle DMA transfers are the fo- 
cus of this application note analysis. Equation 2 illus- 
trates a calculation of the overall transfer rate between 
the FIFO buffer and external Host for a maximum 
FIFO size transfer. The equation does not account for 
the latency of initiating the DMA transfer. 


Equation 
2. Host FIFO DMA Transfer 


Rate-Input 
or Output Channel 


2 
Cycle DMA Transfer-I/O 
(UPI-452) to System 


Memory 
FIFO channel 
size' 
(DMA READ/WRITE 


FIFO time + DMA WRITE/READ 
Memory 


Time) 
128 bytes' 
(200 ns + 200 ns) 


51.2/Ls 
256 bus cycles' 


NOTES: 


'10 MHz iAPX 286, 200 ns bus cycles. 


The UPI-452 design is optimized for high speed DMA 
transfers between the Host and the FIFO buffer. The 


UPI-452 internal FIFO buffer control logic provides 
the necessary synchronization 
of the external Host 


event and the internal 
CPU machine cycle during 


UPI-452 RD/WR 
accesses. This internal synchroniza- 


tion is addressed by the TCC AC specification of the 
UPI-452 shown in Figure 6. TCC is the time from the 
leading or trailing edge of a UPI-452 RD/WR 
to the 


same edge of the next UPI-452 RD/WR. 
The TCC 


time is effectively another way of measuring the system 
bus cycle time with reference to UPI-452 accesses. 


In the iAPX-286 10 MHz system depicted in this appli- 
cation note the bus cycle time is 200 ns. Alternate cycle 
accesses of the UPI-452 during two cycle DMA opera- 
tion yields a TCC time of 400 ns which is more than the 
TCC minimum time of 375 ns. Back to back Host 
UPI-452 READ/WRITE 
accesses may require wait 


states as shown in Table 5. The difference between 10 
MHz iAPX-186 and 10 MHz iAPX 286 required wait 
states is due to the number of clock cycles in the respec- 
tive bus cycle timings. The four clocks in a 10 MHz 
iAPX 186 bus cycle means a minimum TCC time of 
400 ns versus 200 ns for a 10 MHz iAPX 286 with two 
clock cycle zero wait state bus cycle. 


DMA handshaking between the Host DMA controller 
and the UPI-452 is supported by three pins on the UPI- 
452; 
DRQIN/INTRQIN, 
DRQOUT/INTRQOUT 


and DACK. The DRQIN/INTRQIN 
and DRQOUT/ 
INTRQOUT outputs are two multiplexed DMA or in- 
terrupt request pins. The function of these pins is con- 
trolled by MODE SFR bit 6 (MD6). DRQIN 
and 


DRQOUT provide a direct interface to the Host system 
DMA 
controller 
(see Figure 
I). In response to a 


DRQIN or DRQOUT request, the Host DMA control- 
ler initiates control of the system bus using HLD/ 
HLDA. The FIFO Input or Output channel transfer is 
accomplished with a minimum of Host overhead and 
system bus bandwidth. 


The third handshake signal pin is DACK which is used 
as a chip select during DMA data transfers. The UPI- 
452 Host READ and WRITE input signals select the 
respective Input 
and Output 
FIFO 
channel 
during 


DMA transfers. The CS and address lines provide 
DMA acknowledge for processors with onboard DMA 
controllers which do not generate a DACK signal. 


The iAPX 286 Block I/O Instructions provide an alter- 
native to two cycle DMA data transfers with approxi- 
mately the same data rate. The String Input and Out- 
put instructions (INS & OUTS) when combined with 
the Repeat (REP) prefix, modifies INS and OUTS to 
provide a means of transferring blocks of data between 
I/O and Memory. The data transfer rate using REP 
INS/OUTS instructions is calculated in the same way 
as two cycle DMA transfer times. Each READ 
or 


WRITE would be 200 ns in a 10 MHz iAPX 286 sys- 
tem. 
The 
maximum 
transfer 
rate 
possible 
is 2.5 


MBytes/second. 
The Block I/O 
FIFO data transfer 


calculation is the same as that shown in Equation 2 for 
two cycle DMA data transfers including TCC timing 
effects. 


During a Host DMA write to the FIFO, if a DSC is to 
be written, the DMA transfer is stopped, the DSC is 
written and the DMA restarted. During a Host DMA 
read from the FIFO, if a DSC is loaded into the I/O 
Buffer Latch the DMA request, DRQOUT, will be de- 
activated 
(see Figure 
2 above). 
The 
Host 
Status 


(HSTAT) SFR Data Stream Command bit is set and 
the INTRQ 
interrupt output goes active, if enabled. 


The Host responds to the interrupt as described above. 


' 
1 
I' 
TCC 
'I 


RD#/WR# ----J-~_-_I 
~...-_I 


TRR/TW;':----TRV 
~ 
TRR/TWWI. 
C-----TCC 
•r 


Symbol 
Description 
Var.Osc. 
@16MHz 


TCC 
Command Cycle 
6' 
Tclcl 
375 ns min 
Time 


TRV 
Command Recovery 
75 
75 ns min 
Time 


Once INTRQ is deactivated and the DSC has been read 
by the Host, the DMA request, DRQOUT, is reassert- 
ed by the UPI-452. The DMA request then remains 
active until the transfer is complete or another DSC is 
loaded into the I/O Buffer Latch. 


An Immediate Command written by the internal CPU 
during a Host DMA FIFO transfer also causes the 
Host Status flag and INTRQ to go active if enabled. In 
this case the Immediate Command would not terminate 
the DMA transfer unless terminated by the Host. The 
INTRQ line remains active until the Host reads the 
Host Status (HSTAT) SFR to determine the source of 
the interrupt. 


The net effect of a Data Stream Command (DSC) on 
DMA data transfer rates is to add an additional factor 
to the data transfer rate equation. This added factor is 
shown in Equation 3. An Immediate Command has the 
same effect on the data transfer rate if the Immediate 
Command interrupt is recognized by the Host during a 
DMA transfer. If the DMA transfer is completed be- 
fore the Immediate Command interrupt is recognized, 
the effect on the DMA transfer rate depends on wheth- 
er the block being transmitted is larger than the FIFO 
channel 
size. If the block is larger than the pro- 


grammed FIFO channel size the transfer rate depends 
on whether the Immediate Command flag or interrupt 
is recognized between partial block transfers. 


The FIFO configuration shown in Equation 3 is arbi- 
trary since there is no way of predicting the size relative 
to when a DSC would be loaded into the I/O Buffer 
Latch. The Host DMA rate shown is for a UPI-452 


(Memory Mapped or I/O) 
to 286 System Memory 


transfer as described earlier. The equations do not ac- 
count for the latency of intiating the DMA transfer. 


Equation 
3. Minimum host FIFO DMA Transfer 
Rate Including 
Data Stream Command(s) 


Minimum 
Host/FIFO 
DMA Transfer 
Rate wi DSC 


FIFO size' 
Host DMA 2 cycle time transfer 
rate 
+ iAPX 286 interrupt 
response 
time (Eq. # 1) 


(32 bytes' 
(200 ns + 200 ns)) + 2.3 /los 


15.1 /los 
75.5 bus cycles (@10 MHz iAPX286, 
200 ns 


bus cycle) 


The two identical internal DMA channels allow high 
speed data transfers from one UPI-452 writable memo- 
ry space to another. The following UPI-452 memory 
spaces can be used with internal DMA channels: 


Internal Data Memory (RAM) 
External Data Memory (RAM) 
Special Function Registers (SFR) 


The FIFO can be accessed during internal DMA opera- 
tions by specifying the FIFO IN (FIN) SFR as the 
DMA 
Source Address 
(SAR) 
or the FIFO 
OUT 


(FOUT) SFR as the Destination Address (DAR). Ta- 
ble 6 lists the four types of internal DMA transfers and 
their respective timings. 


Source 
Destination 
Machine 
@12MHz 
@16MHz 
Cycles" 


Internal 
Data 
Internal Data 


Mem.orSFR 
Mem.orSFR 
1 
1 /los 
750 ns 


Internal 
Data 
External 
Data 


Mem.orSFR 
Mem. 
1 
1 /los 
750 ns 


External 
Data 
Internal Data 


Mem. 
Mem.orSFR 
1 
1 /los 
750 ns 


'External 
Data 
External Data 


Memory 
Memory 
2 
2/los 
1.5 /los 


NOTES: 
"ExternalData MemoryDMAtransfer applies to UPI·452LocalBus only. 
"MSC-51 Machinecycle = 12 clock cycles (TCLCL). 


inter 
AP-281 


The effect of Data Stream Commands and Immediate 
Commands on the internal DMA transfers is essentially 
the same as the effect on Host FIFO DMA transfers. 
Recognition also depends upon the programmed DMA 
Mode, the interrupts enabled, and their priorities. The 
net internal effect is the same for each possible internal 
case. The time required to respond to the Immediate or 
Data Stream Command is a function of the instruction 
time required. This must be calculated by the user 
based on the instruction cycle time given in the MSC- 
51 Instruction Set description in the Intel Microcon- 
troller Handbook. 


It is important to note that the internal DMA processor 
modes and the internal FIFO logic work together to 
automatically manage internal DMA transfers as data 
moves into and out of the FIFO. The two most appro- 
priate internal DMA processor modes for the FIFO are 
FIFO Demand Mode and FIFO Alternate Cycle Mode. 
In FIFO Demand Mode, once the correct Slave Con- 
trol and DMA Mode bits are set, the internal Input 
FIFO 
channel 
DMA 
transfer 
occurs whenever the 


Slave Control Input FIFO Request for Service flag is 
set. The DMA 
transfer continues 
until the flag is 
cleared or when the Input FIFO Read Pointer SFR 
(IRPR) equals zero. If data continues to be entered by 
the Host, the internal DMA continues until an internal 
interrupt of higher priority, if enabled, interrupts the 
DMA transfer, the internal DMA byte count reaches 
zero or until the Input FIFO Read Pointer equals zero. 
A complete description of interrupts and DMA Modes 
can be found in the UPI-452 Data Sheet. 


The internal DMA processor has four modes of opera- 
tion. Each DMA channel is software programmable to 
operate in either Block Mode or Demand Mode. De- 
mand Mode may be further programmed to operate in 
Burst or Alternate Cycle Mode. Burst Mode causes the 
internal processor to halt its execution and dedicate its 
resources exclusively to the DMA transfer. Alternate 
Cycle Mode causes DMA cycles and instruction cycles 
to occur alternately. 
A detailed description of each 


DMA Mode can be found in the UPI-452 Data Sheet. 


The interface latency is the time required to accommo- 
date all of the overhead associated with an individual 
data transfer. Data transfer rates between the Host sys- 
tem and UPI-452 FIFO, with a block size less than or 
equal to the programmed FIFO channel size, are calcu- 
lated using the Host system DMA rate. (see Host 
DMA description above). In this case, the entire block 
could be transferred in one operation. The total latency 
is the time required to accomplish the block DMA 
transfer, the interrupt 
response or poll of the Host 


Status SFR response time, and the time required to ini- 
tate the Host DMA processor. 


A DMA transfer between the Host and UPI-452 FIFO 
with a block size greater than the programmed FIFO 
channel size introduces additional overhead. This addi- 
tional overhead is from three sources; first, is the time 
to actually perform the DMA transfer. Second, the 
overhead of initializing the DMA processor, third, the 
handshaking 
between each FIFO 
block required to 


transfer the entire data block. This could be time to 
wait for the FIFO to be emptied and/or the interrupt 
response time to restart the DMA transfer of the next 
portion of the block. A fourth component may also be 
the time required to respond to Underrun and Overrun 
FIFO Errors. 


Table 7 shows six typical FIFO Input/Output 
channel 
sizes and the Host DMA transfers times for each. The 
timings shown reflect a 10 MHz system bus two cycle 
I/O to Memory DMA transfer rate of 2.5 MBytes/sec- 
ond as shown in Equation I. The times given would be 
the same for iAPX 286 110 block move instructions 
REP INS and REP OUTS as described earlier. 


FIFO Size: 
32 
43 
64 
85 
96 
128 I bytes 


Full or Empty 
% 
% 
% 
% 
% 
Full or Empty 


Time 
12.8 17.2 25.6 34.0 38.4 
51.21 
IJ-s 


Table 8 shows six typical FIFO Input/Output 
channel 


sizes and the internal DMA processor data transfers 
times for each. The timings shown are for a UPI-452 
single cycle Burst Mode transfer at 16 MHz or 750 ns 
per machine cycle in or out of the FIFO channels. The 


inter 


machine cycle time is that of the MSC-51 CPU; 6 
states, 2 XTAL2 clock cycles each or 12 clock cycles 
per machine cycle. Details on the MSC-51 machine cy- 
cle timings and operation may be found in the Intel 
Microcontroller Handbook. 


Table 
8. UPI·452 
Internal 
DMA FIFO 
Data Transfer 
Times 


FIFO Size: 
32 
43 
64 
85 
96 
128 I bytes 


Full or Empty 
% 
% 
% 
% 
3/4 
Full or Empty 


Time 
24.0 32.3 48.0 64.6 72.0 
96.0 I 
JLs 


A larger than programmed FIFO channel size data 
block internal DMA transfer requires internal arbitra- 
tion. The UPI-452 provides a variety of features which 
support arbitration 
between the two internal DMA 


channels and the FIFO. An example is the internal 
DMA processor FIFO Demand Mode described above. 
FIFO Demand Mode DMA transfers occur continu- 
ously until the Slave Status Request for Service Flag is 
deactivated. Demand Mode is especially useful for con- 
tinuous data transfers requiring immediate attention. 
FIFO Alternate Cycle Mode provides for interleaving 
DMA transfers and instruction 
cycles to achieve a 


maximum of software flexibility. Both internal DMA 
channels can be used simultaneously to provide contin- 
uous transfer for both Input and Output FIFO chan- 
nels. 


Byte by byte transfers between the FIFO and internal 
CPU timing is a function of the specific instruction cy- 
cle time. Of the III MCS-51 instructions, 64 require 12 
clock cycles, 45 require 24 clock cycles and 2 require 48 
clock cycles. Most instructions involving SFRs are 24 
clock cycles except accumulator 
(for example, MOY 


direct, A) or logical operations (ANL direct, A). Typi- 
cal instruction and their timings are shown in Table 9. 


Oscillator Period: 
@ 12 MHz = 83.3 ns 


@ 16 MHz = 62.5 ns 


Instruction 
Oscillator 
@12MHz 
@16MHz 
Periods 


MOV directt, 
A 
12 
1 JLs 
750 ns 


MOV direct, direct 
24 
2 JLs 
1.5 JLs 


NOTE: 
t Direct = a·bit internaldata locationsaddress. Thiscould 
be an InternalData RAM location(0-255) 
or a SFR [Le.,1/ 
o port, control register, etc.] 


Byte by byte FIFO data transfers introduce an addi- 
tional overhead factor not found in internal DMA op- 
erations. This factor is the FIFO block size to be trans- 
ferred; the number of empty locations in the Output 
channel, or the number of bytes in the Input FIFO 


channel. As described above in the FIFO Data Struc- 
ture section, the block size would have to be deter- 
mined by reading the channel read and write pointer 
and calculating the space available. Another alternative 
uses the FIFO Overrun and Underrun Error flags to 
manage the transfers by accepting error flags. In either 
case the instructions needed have a significant impact 
on the internal FIFO data transfer rate latency equa- 
tion. 


A typical effective internal FIFO channel transfer rate 
using internal DMA is shown in Equation 4. Equation 
5 shows the latency using byte by byte transfers with an 
arbitrary factor added for internal CPU block size cal- 
culation. These two equations contrast 
the effective 


transfer rates when using internal DMA versus individ- 
ual instructions 
to transfer 
128 bytes. The effective 


transfer rate is approximately four times as fast using 
DMA versus using individual instructions (96 JLswith 
DMA versus 492 JLsnon-DMA). 


Equation 
4. Effective 
Internal 
FIFO 


Transfer 
Time Using 
Internal 
DMA 


Effective 
Internal FIFO Transfer 
Rate with DMA 


FIFO channel 
size· 
Internal DMA Burst Mode 


Single Cycle DMA Time 
128 Bytes • 750 ns 
96 JLs 


Equation 
5. Effective 
FIFO Transfer 


Time Using 
Individual 
Instructions 


Effective 
Internal FIFO Transfer 
Rate without 
DMA 


FIFO channel 
size • Instruction 
Cycle Time + 


Block size calculation 
Time 
128 Bytes· 
(24 oscillator 
periods 
@ 16 MHz) + 


20 instructions 
(24 oscillator 
period each 


@ 16 MHz) 
128 • 1.5 JLs + 300 JLs 
492 JLs 


FIFO DMA FREEZE 
MODE 
INTERFACE 


FIFO DMA Freeze Mode provides a means of locking 
the Host out of the FIFO Input and Output channels. 
FIFO DMA Freeze Mode can be invoked for a variety 
of reasons, for example, to reconfigure the UPI-452 Lo- 
cal Expansion Bus, or change the baud rate on the seri- 
al channel. The primary reason the FIFO DMA Freeze 
Mode is provided is to ensure that the Host does not 
read from or write to the FIFO while the FIFO inter- 
face is being altered. ONLY the internal CPU has the 
capability of altering the FIFO Special Function Regis- 
ters, and these SFRs can ONLY be altered during 
FIFO DMA Freeze Mode. FIFO DMA Freeze Mode 
inhibits Host access of the FIFO while the internal 
CPU reconfigures the FIFO. 


FIFO DMA Freeze Mode should not be arbitrarily in- 
voked while the UPI-452 is in normal operation. Be- 
cause the external CPU runs asynchronously to the in- 
ternal CPU, invoking freeze mode without first proper- 
ly resolving the FIFO Host interface may have serious 
consequences. Freeze Mode may be invoked only by 
the internal CPU. 


The internal CPU invokes Freeze Mode by setting bit 3 
of the Slave Control SFR (SC3). This automatically 
forces the Slave and Host Status SFR FIFO 
DMA 


Freeze Mode to In Progress (SSTAT SST5 = 
0, 
HSTAT SFR HSTl 
= I). INTRQ goes active, if en- 


abled by MODE SFR bit 4, whenever FIFO DMA 
Freeze Mode is invoked to notify the Host. The Host 
reads the Host Status SFR to determine the source of 
the interrupt. INTRQ and the Slave and Host Status 
FIFO DMA Freeze Mode bits are reset by the Host 
READ of the Host Status SFR. 


During FIFO DMA Freeze Mode the Host has access 
to the Host Status and Control SFRs. All other Host 
FIFO interface access is inhibited. Table 10 lists the 
FIFO DMA Freeze Mode status of all slave bus inter- 
face Special Function Registers. The internal DMA 
processor is disabled during FIFO DMA Freeze Mode 
and the internal CPU has write access to all of the 
FIFO control SFRs (Table II). 


If FIFO DMA Freeze Mode is invoked without stop- 
ping the host, only the last two bytes of data written 
into or read from the FIFO will be valid. The timing 
diagram for disabling the FIFO module to the external 
Host interface is illustrated in Figure 7. Due to this 
synchronization 
sequence, the UPI-452 might not go 


into FIFO DMA Freeze Mode immediately after the 
Slave Control SFR FIFO 7 DMA Freeze Mode bit 
(SC3) is set = O. A special bit in the Slave Status SFR 
(SST5) is provided to indicate the status of the FIFO 
DMA Freeze Mode. The FIFO DMA Freeze Mode 


operations described in this section are only valid after 
SST5 is cleared. 


Either the Host or internal CPU can request FIFO 
DMA Freeze Mode. The first step is to issue an Imme- 
diate Command indicating that FIFO 
DMA Freeze 


Mode will be invoked. Upon receiving the Immediate 
Command, the external CPU should complete servicing 
all pending interrupts and DMA requests, then send an 
Immediate Command back to the internal CPU ac- 
knowledging the FIFO DMA Freeze Mode request. 
After issuing the first Immediate Command, the inter- 
nal CPU should not perform any action on the FIFO 
until FIFO DMA Freeze Mode is invoked. The hand- 
shaking is the same in reverse if the HOST CPU initi- 
ates FIFO DMA Freeze Mode. 


After the slave bus interface is frozen, the internal CPU 
can perform the operations listed below on the FIFO 
Special Function 
Registers. These operations are al- 


lowed only during FIFO DMA Freeze Mode. Table II 
summarizes the characteristics of all the FIFO Special 
Function Registers during Normal and FIFO DMA 
Freeze Modes. 


For FIFO 
Reconfiguration 
I. Changing the Channel Boundary 


Pointer SFR. 


2. Changing the Input and Output 


Threshold SFR. 


3. Writing 
to the 
read 
and 
write 


pointers of the Input and Output 
FIFO's. 


4. Writing to and reading the Host 


Control SFRs. 


5. Controlling some bits of Host and 


Slave Status SFRs. 


6. Reading the Immediate Command 


'Out SFR and Writing to the Im- 
mediate Command in SFR. 


To Enhance the 
testability 


INTROJ 
! 
_ 


:: 
: 
A FIFO RD/WR AFTER 


, • - • 
INTERfACE fREEZE IS 
INVOKED WILL CAUSE 
HST3 OR HST7 TO BE SET 


NOTE: 
Timing 
Diagram 
of disabling 
of FIFO Module-External 
Host Interface. 


Figure 7. Disabling 
FIFO to Host Slave Interface 
Timing Diagram 
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The 
sequence of 
events for 
invoking 
FIFO 
DMA 


Freeze Mode are listed in Figure 8. 


1. Immediate 
Command 
to 
request 
FIFO 
DMA 


Freeze 
Mode (interrupt) 


2. Host/internal 
CPU interrupt 
response/service 


3. Host/internal 
CPU 
clear/service 
all 
pending 


interrupts 
and FIFO data 


4. Internal 
CPU 
sets 
Slave 
Control 
(SLCON) 


FIFO DMA 


Freeze 
Mode 
bit 
= 
0, 
FIFO 
DMA 
Freeze 


Mode, 
Host 
Status 
SFR 
FIFO 
DMA 
Freeze 


Mode Status 
bit = 1, INTRQ active 
(high) 


5. Host READ Host Status SFR 


6. Internal 
CPU reconfigures 
FIFO SFRs 


7. Internal 
CPU 
resets 
Slave 
Control 
(SLCON) 


FIFO DMA 


Freeze 
Mode 
bit 
= 
1, Normal 
Mode, 
Host 


Status 
FIFO DMA Freeze 
Mode 
Status 
bit = 


O. 


8. Internal 
CPU issues 
Immediate 
Command 
to 


Host indicating 
that FIFO DMA Freeze Mode is 


complete 


or 


Host polls Host Status SFR FIFO DMA Freeze 
Mode bit to determine 
end of reconfiguration 


Figure 8. Sequence of Events to Invoke 


FIFO DMA Freeze Mode 


An 
example of the time 
required 
to reconfigure 
the 
FIFO 
180 degrees, for example from 128 bytes Input to 
128 bytes Output, 
is shown in Figure 9. The example 
approximates 
the time based on several assumptions; 


I. The FIFO 
Input channel is full-128 bytes of data 


2. Output 
FIFO 
channel is empty-I 
byte 


3. No Data Stream Commands in the FIFO. 


4. The Immediate 
Command 
interrupt 
is responded to 


immediately-highest 
priority-by 
Host 
and inter- 
nal CPU. 


5. Respective interrupt 
response times 


a. Host (Equation 
3 above) = approximately 
1.6 J.loS 


b. Internal 
CPU is 86 oscillator 
periods or approxi- 


mately 5.38 J.losworst case. 


Event 
Immediate 
Command 
from Host 


to UPI-452 to request 
FIFO DMA 


Freeze Mode (iAPX286 WRITE) 


Internal CPU interrupt 
response/ 


service 


Internal CPU clears FIFO-128 
bytes DMA 


Internal CPU sets Slave Control 
Freeze Mode bit 


Immediate 
Command 
to Host- 


Freeze Mode in progress 
Host 
Immediate 
Command 
interrupt 
response 


Internal CPU reconfigures 
FIFO 
SFRs 
Channel 
Boundary 
Pointer SFR 


Input Threshold 
SFR 
Output Threshold 
SFR 


Internal CPU resets Slave 
Control (SLCON) Freeze Mode 
bit = 1, Normal Mode, and 
automatically 
resets Host Status 


FIFO DMA Freeze Mode bit 


Internal CPU writes Immediate 
Command 
Out 


Host Immediate 
Command 


interrupt 
service 


Total Minimum Time to 
Reconfigure 
FIFO 


Figure 9. Sequence of Events to Invoke FIFO 


DMA Freeze Mode and Timings 


Time 
0.30 J.los 


0.75 J.los 
0.75 J.los 
0.75 J.los 


2.3 J.los 


inter 


Interface 
Pins; 
Operation 
In 
Status In 
DACK 
CS 
A2 
A1 
AO 
READ 
WRITE 
Normal Mode 
Freeze 
Mode 
1 
0 
0 
1 
0 
0 
1 
Read Host Status SFR 
Operational 
1 
0 
0 
1 
1 
0 
1 
Read Host Control SFR 
Operational 
1 
0 
0 
1 
1 
1 
0 
Write Host Control SFR 
Disabled 
1 
0 
0 
0 
0 
0 
1 
Data or DMA data from 
Disabled 


Output Channel 


1 
0 
0 
0 
0 
1 
0 
Data or DMA data to 
Disabled 


Input Channel 


1 
0 
0 
0 
1 
0 
1 
Data Stream Command 
from 
Disabled 


Output Channel 


1 
0 
0 
0 
1 
1 
0 
Data Stream Command 
to 
Disabled 


Input Channel 


1 
0 
1 
0 
0 
0 
1 
Read Immediate 
Command 
Disabled 


Out from Output Channel 


1 
0 
1 
0 
0 
1 
0 
Write Immediate 
Command 
Disabled 


In to Input Channel 


0 
X 
X 
X 
X 
0 
1 
DMA Data from Output 
Disabled 


Channel 


0 
X 
X 
X 
X 
1 
0 
DMA Data to Input Channel 
Disabled 


NOTE: 
X = don't 
care 


Normal 
Freeze 
Mode 
Label 
Name 
Operation 
Operation 


(SST5 
= 1) 
(SST5 = 0) 


HCON 
Host Control 
Not Accessible 
Read & Write 
HSTAT 
Host Status 
Read Only 
Read & Write 
SLCON 
Slave Control 
Read & Write 
Read & Write 
SSTAT 
Slave Status 
Read Only 
Read & Write 
IEP 
Interrupt 
Enable 


& Priority 
Read & Write 
Read & Write 
MODE 
Mode Register 
Read & Write 
Read & Write 
IWPR 
Input FIFO Write Pointer 
Read Only 
Read & Write 
IRPR 
Input FIFO Read Pointer 
Read Only 
Read & Write 
OWPR 
Output FIFO Write Pointer 
Read Only 
Read & Write 
ORPR 
Output FIFO Read Pointer 
Read Only 
Read & Write 
CBP 
Channel 
Boundary 
Pointer 
Read Only 
Read & Write 
IMIN 
Immediate 
Command 
In 
Read Only 
Read & Write 
IMONT 
Immediate 
Command 
Out 
Read & Write 
Read & Write 
FIN 
FIFO IN 
Read Only 
Read Only 
CIN 
COMMAND 
IN 
Read Only 
Read Only 
FOUT 
FIFO OUT 
Read & Write 
Read & Write 
COUT 
COMMAND 
OUT 
Read & Write 
Read & Write 
ITHR 
Input FIFO Threshold 
Read Only 
Read & Write 
OTHR 
Other FIFO Threshold 
Read Only 
Read & Write 


ARTICLE 
REPRINT 


inter 


INCREASED FUNCTIONS 
IN CHIP RESULT IN 
LIGHTER, 


LESS COSTLY PORTABLE 


COMPUTER 


Advances 
in technology 
have 
made 
it 
possible 
to reduce 
the size and increase 
the 
functionality 
and 
performance 
of 
computers 
and 
computer 
peripherals. 
With 
the help 
of microtechnology 
it is 
possible 
to construct 
a computer 
termi- 
nal 
that 
is smaller 
and 
lighter 
than 
a 
briefcase, 
and that can be connected 
to 
a mainframe 
from almost 
anywhere. 
As more ponable 
computers 
are intro- 
duced 
to the 
marketplace, 
the demand 
for lighter 
and even 
smaller 
systems 
at 


a lower cost are inevitable. 
To meet this 
demand 
changes 
in the architecture 
are 
necessary. 


With 
Intel's 
recently 
introduced 
8OC51 BH microcontroller 
several 
obsta- 
cles 
in the design 
of the ponable 
com- 


puter 
have 
been 
overcome. 
The 
8OC51 BH is a single 
chip 
8-bit 
micro- 
controller 
that 
requires 
a single 
5V 
power 
supply. 
It has 
32 
110 lines. 
Its 
functionalities 
include 
excellent 
bit and 


byte 
manipulation 
capability 
at 
extremely 
high 
speeds 
as well as inter- 
facing 
tlexibilities 
through 
the serial and 


parallel 
channels 
to intelligent 
and unin- 
telligent 
devices. 
It can 
carry 
its own 


program 
memory 
up to 4 Kbytes 
and has 
various 
tools 
and suppon 
systems. 
This 
at1icle 
discusses 
the implemen- 


tation 
of a prototype 
penable 
terminal 


based 
on Intel's 
new 
8OC51BH 
micro- 
controller, 
and introduces 
the tools 
and 


techniques 
available 
to build such a com- 
puter 
terminal. 
In the 
application 
dis- 
cussed. 
the chip monitors 
the keyboard, 


communicates 
with the host computer 
at 


very 
high 
BAUD 
rates. 
and 
displays 
information 
on the screen 
at slower 
rates 
for human 
beings. 
The chip abo 
moni- 


tors 
the power 
supply 
for switching 
to 


the 
battery 
in case 
of power 
failure 
to 
save 
valuable 
data 
and computer 
time. 


The 
prototype 
is currently 
under 
futher 


development 
at Intel's 
Microcontroller 
Division. 
Introducing 
the 80CSIBH 


Very new in the market. 
the 80C51 BH 
is a member 
of Intel's 
MCS-51 
family. 


The 
MCS-51 
is a group 
of 8-bit micro- 


controllers 
that 
are extremely 
powerful 


because 
of their 
110 structure 
and their 


bit 
manipulating 
capabilities. 
The 


80C51 BH has 4 Kbytes 
of on-chip 
pro- 
gram 
memory 
with 
the 
capability 
to 
address 
another 
60 Kbytes 
of external 


program 
memory. 
In addition 
it has 128 


bytes 
of on-chip 
RAM 
and can 
access 
64 Kbytes 
of external 
data memory. 


Since 
the 8OC51BH 
is CMOS. 
it has 
very low power 
consumption 
(15 mA at 


5V. 
12 MHz). 
In addition. 
it has 
two 


power 
saving 
features 
not 
available 
in 
HMOS 
versions 
of the family. 
These are 


the Idle and Power 
Down 
modes. 
which 


are 
controlled 
by software 
and 
funher 
reduce 
power 
comsumption. 
These 


power 
saving 
features 
make 
it ideal for 


battery-operated 
backed-up 
systems. 


Display device 
The display 
device of this ponable 
ter- 
minal is a 25-line 
x 80-character 
Liquid 
Crystal 
Display 
(LCD). 
It is capable 
of 


displaying 
the same 
number 
of charac- 


ters as a typical 
CRT. 
and 
it is not as 
bulky 
or heavy 
as the latter. 


LCDs 
can 
be divided 
into 
two 
large 
categories: 
smart 
LCDs 
and 
dumb 


LCDs. 
Those 
displays 
that 
have 
the 
capability 
to receive 
a byte of ASCII and 


translate 
it into a displayed 
character 
are 
considered 
sman. 
On 
the 
other 
hand. 


dumb 
displays 
are only a matrix 
of dots. 


The 
former 
type has some 
kind of con- 


troller 
of its own 
plus a small 
memory 
to hold 
the 
look-up 
table 
of characters 
(character 
generator). 
When 
using 
a 
dumb 
display 
the microcontroller 
has to 
address 
and turn 
on the correct 
dots 
to 


make 
a character. 
this means 
more 
I/O 


pins will be required. 
However. 
it gives 
extra 
capabilities 
such 
as 
graphic 
dis- 


plays 
and 
special 
or custom 
character 
generation. 


Both 
types 
of 
displays 
normally 
accept 
data 
through 
an 
8-bit 
bus. 


Although 
the LCD 
is relatively 
slow. 
it 
can 
still 
share 
the 
bus 
with 
a memory 


device 
without 
any 
degradation 
of the 
system 
performance. 


Keyboard 
Depending 
on their task and purpose, 


keyboards 
vary 
in shape. 
size. 
and the 


number 
of keypads. 
The keyboard 
for a 
computer 
terminal, 
as a minimum, 


should 
have 
all the alphanumeric 
keys 
(standard 
typewriter) 
plus a Control. 
an 


Escape. 
and optionally. 
some 
Function 


keys. 


As the diagram 
in Figure 
I shows 
a 
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typical 
keyboard 
consists 
of a matrix 
of 


eight 
scan 
lines and eight 
receive 
lines. 
The 
scan 
lines 
are connected 
to Pon 
0 


of the microconlroller, 
and receive 
lines 
arc connected 
to Pon 
I. The 
software 


writes 
Os to Pon 0 to hold the scan lines 


at a logic 
Low, 
and it writes 
Is to Port 


I to 
hold 
Ihe 
receive 
lines 
at a logic 
High. 
Pressing 
one of the keys connects 
a scan 
Ime 
to receive 
a line 
and 
pulls 
that receive 
line Low. 
Besides 
being 
used for the scan lines, 
Pon 
0 is also the bus for the data buffer 


RAM 
and 
the 
display 
unit. 
While 
the 


controller 
is talking 
to the 
RAM 
or to 
the display, 
the bus must not be used by 
other 
devices 
or 
bus 
contention 
can 


occur. 
Since 
the microcontoller 
initiates 


the access 
to the display 
and to the data 


buffer 
RAM, 
no conflict 
can 
occur 


between 
them. 
However, 
if more 
than 


one key on the same receive 
line is held 


down 
simultaneously 
while the RAM or 


the display 
is being 
accessed, 
it is pos- 


sible 
to foul 
up the 
information 
being 


transferred. 
Thus, 
to avoid 
bus conten- 


tion, 
diodes 
D I through 
08 
are placed 


on the scan 
lines, 
as shown 
in Figure 
I. 
All 
the 
receive 
lines 
are 
ANDed 
to 


External 
Interrupt 
I, so that pulling 
any 


of the receive 
lines Low will generate 
an 


interrupt. 
The 
interrupt 
service 
routine, 
adapts 
the 
"two 
key lock-out" 
system 


and identifies 
the pressed 
key. This sys- 
tem 
allows 
only 
one key to be pressed 


simultaneously, 
all 
of 
them 
will 
be 


ignored. 
On 
some 
keyboards, 
certain 
keys 
(such 
as Shift, 
Control 
or Escape) 
are 


not a pan of the line matrix. 
These 
keys 
connect 
directly 
to 
a pon 
pin 
on 
the 


microcontroller. 
They 
would 
not cause 


lock-out 
if pressed 
simultaneously 
with 


a matrix 
key, 
nor generate 
an interrupt 


if pressed 
singly. 
However, 
if they are 


pan of the matrix, 
then the software 
has 


to recognize 
those 
keys and take proper 


action 
depending 
on the function 
of the 


pressed 
key. 
Normally, 
when a key is pressed, 
the 


microcontroller 
is in the Idle mode 
and 


no other 
lask 
is in progress. 
Pressing 
a 


key on the matrix generates 
an interrupt, 
which 
terminates 
the 
Idle 
mode. 
The 


interrupt 
service 
routine 
first calls a sub- 


rouline 
to provide 
a delay 
of approxi- 


SCAN 1 
LINES 


CONTROL 
KEY I 
~'"~lr 


RECEIVE 
LINES 


f 
- 
- 


'. 
. 


----j 
TO THE 
EXTERNAL 


INTERRUPT 
PIN 


~ 
'1 


mately 
25 msec 
(to debounce 
the key), 
and 
to perform 
the task 
of identifying 
which 
key is down. 


There 
are a number 
of ways 
that the 
interrupt 
service 
routine 
can identify 
the 
press 
key. 
One way is to utilize 
the bit- 
addressing 
capabilities 
of the 80C51 BH 
to lest each bit of the receive 
lines for a 
zero, 
which 
generated 
the interrupl, 
and 
records 
the bit position. 
Then 
wrile 
Os 


10 the receive 
lines, 
Is to the scan lines, 


test the scan lines for a zero, 
and record 
its position. 
If the controller 
finds more 
than one zero on each 
pon, 
it will dis- 
continue 
any 
further 
processing 
and 
return 
to Ihe main program. 


Once 
the bit positions 
that contain 
0 
are recorded, 
they are used as the address 
for the characters 
in the look-up 
table. 


The 
subroutine 
finds the ch~racter 
that 
corresponds 
to 
the 
pressed 
key. 
The 
character 
is represented 
in ASCII 
code. 


The look-up 
table is a lisl of the ASCII 
representation 
of each keypad 
character, 


and 
is stored 
in the program 
memory. 


The order 
in which 
they sit corresponds 


10 the address 
generated 
by the scan sub- 
routine 
when that character 
is pressed 
on 
the keyboard. 
Serial communication 
Once 
the 
80C51 BH 
has 
the 
ASCII 
code generated 
from a key closure, 
it can 
send 
it through 
its Serial 
Channel 
to the 
host 
computer. 
The 
serial 
pon 
of 
the 
microcontroller 
can be programmed 
for 
all of the standard 
rates 
up to 375K. 
If 


) 


PORT 


(DAT~ BUS) 


the terminal 
is to be connected 
directly 


to the mainframe, 
a simple circuit tram,- 


lates the TTL 
levels 
to the RS232 
level. 


The circuit 
also eliminates 
the need 
for 


the 
- 
12V supply 
required 
for RD2J2 


The circuit diagram 
is shown 
in Figure 


2. 


However, 
the primary 
application 
of 


this terminal 
is to be the traveling 
per- 


son's 
window 
to the central 
system 
from 


any remote 
location. 
In this application 


a modem 
is needed. 
There 
arc 
many 


types of modems 
available. 
Some 
are on 


PC boards 
for OEM 
use and others 
arc 


ready to connecl 
directly 
to the telephone 


by the user. 
They also vary in size, 
per- 


formance, 
and the way 
they communi- 


cate. 
A proper 
modem 
for Ihe ponable 


terminal 
should 
be small enough 
to carry 


in a briefcase 
and preferably 
be a low- 


power 
device. 
When 
an ASCII 
code 
is 


received 
by the host computer, 
it records 


that code and echoes 
it back to the micro- 


controller 
which displays 
it on the LCD. 


The 
serial 
pon 
of the 8OC51 BH can 


generate 
interrupts 
every 
lime it receives 


or transmits 
information. 
The serial pon 


interrupt 
must have service 
priority 
over 


the external 
interrupt 
generated 
by the 


keyboard. 
The high priority 
enables 
the 


serial 
pon 
to receive 
data 
any time 
the 


computer 
addresses 
the 
terminal 
and 


transmits 
data. 


The 
serial 
pon 
interrupt 
service 
rou- 


tine 
transfers 
the 
received 
data 
to the 


display 
or 10 a memory 
buffer, 
depend- 
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ing on the mode 
selected 
by a function 


key. One mode of this function 
key tells 
the controller 
to move 
the received 
data 


directly 
to the display. 
The other 
mode 


stores 
pages 
of the 
information 
in the 
buffer 
RAM. 
so that the user can edit or 


display 
the data. 
one page at a time, 
on 


the 
LCD 
without 
using 
the 
main 
sys- 
tem's 
CPU 
time. 
Data 
butTer 
memory 
The 
data 
buffer 
RAM 
is temporary 
storage 
for 
the 
information 
which 
is 
either 
generated 
at the 
terminal 
or 


relrieved 
from 
the cenlral 
system. 
The 
user 
can 
display 
portions 
of the slored 


information 
or scroll through 
it. The user 


can 
also 
alter 
the data 
on the terminal 


and transmit 
it back 
to the computer 
in 


a block 
form. 
A suitable 
device 
for this purpose 
is 
the 
51C86 
iRAM. 
This 
device 
is 
a 
pseudo-static 
dynamic 
RAM 
that has a 
built-in 
address 
latch. 
An internal 
high- 
speed 
arbitration 
circuit 
resolves 
any 
polential 
conflict 
arising 
between 
read! 


write 
and internal 
refresh 
cycles. 
This 
iRAM 
is 8K 
x 
8-bit and is suf- 


+ sv 


Al 


A2 


D' 


+ sv 


02 


AS 
D2 


.J C, 


routine 
takes 
the 
data 
from 
the 
SBUF 
register 
and writes 
it 10 the iRAM. 
Two 
index pointers 
in Ihe serial port inlerrupt 


service 
routine 
help 
keep 
track 
of the 


incoming 
and outgoing 
iRAM 
data. 


There 
are times 
the controller 
has to 
wait 
for reasons 
such 
as the debounce 
delay 
in the 
scan 
subroutine 
or 
when 
wriling 
to lhe 
display. 
and 
must 
slow 
down. 
While 
the 80C51 BH is wailing. 
it goes 
into the 
Idle mode 
until 
one of 


the timers, 
which 
programmed 
to run. 


times out and generates 
an interrupt. 
The 


interrupt 
service 
routine 
for this type of 


interrupt 
is a short 
one. 
it seb or clears 


one or more flags and returns 
to continue 
the task that was in progress 
before going 
into Ihe Idle mode. 


The conlroller 
is also in the Idle mode 
when there is no aClivity in the terminal, 
i.e., 
no data 
is being 
received 
or trans- 


milled, 
and 
the 
keyboard 
is not 
being 
used. 
Therefore. 
is is appropriate 
to say 


that 
when 
power 
is applied 
to the ter- 
minal. 
the controller 
spends 
more 
Ihan 
90% of its time 
in the Idle mode. 


What 
is the 
Idle 
mode? 
When 
Bit 0 in the Special 
Function 
Register 
PCON 
is set. the CPU gates off 
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lhe chip's 
power. 
this 
process 
saves 
a 
significant 
amount 
of 
power. 
More 


importantly 
the on chip peripherals 
and 


the 
RAM 
continue 
their 
normal 
func- 


lions 
independently 
of the CPU. 
Since 


the oscillator 
is still 
running. 
any ena- 


bled interrupt 
(internal 
or eXlernal) 
will 


wake 
the CPU 
up from 
its sleep. 
and it 


will start executing 
instructions 
from the 
interrupt 
service 
routine. 
A true 
portable 
terminal 
should 
be 
capable 
of 
operating 
from 
a battery 
source. 
There 
are 
occasions 
when 
one 
would 
like to use the terminal 
at a loca- 


tion where an electric 
outlel 
is not readily 
available. 
But the 
main 
purpose 
of the 


ballery 
supply 
is to save the data. 
which 


has been entered 
and stored 
in the buffer 


RAM. 
in 
Ihe 
case 
of 
an 
unexpected 


power 
failure. 


While performing 
all of the previously 


mentioned 
tasks. 
Ihe 
80C51 
BH 
can 


monitor 
its power 
supply. 
detect 
a power 


loss 
in its earliest 
stages, 
and 
initiate 
a 


power 
Down to save the data of the inter- 


nal and external 
RAM. 


One method 
for the 80C5 IBH 10 mon- 


ilor'ils 
power 
supply 
is to have the pos- 


itive 
half-cycles 
of 
the 
power 
supply 


transformer 
fed to the External 
Interrupt 


o pin 
(Figure 
3). 
In Ihe kvel 
aClivated 


mode. 
this 
pin 
generates 
an 
interrupt 


every 
time 
Ihere 
is a high 
to low tran- 


sition. 
The 
interrupl 
service 
routine 


reloads 
Timer 
0 to a value that will make 


it overflow 
sometime 
between 
one and 
,Iwo 
periods 
of the 
line 
frequency. 
As 


long as the half cycles 
keep coming 
in, 


the timer 
never 
overflows. 
because 
it is 


reloaded 
every 
half a cycle. 
If there 
is a 


single 
half a cycle 
in which the line volt- 


age does 
not reach 
a high enough 
level 


to generate 
Ihe interrupt, 
the limer 
rolls 


over 
and generates 
a timer 
interrupt. 


The 
interrupt 
service 
rouline 
for 


Timer 
0 saves 
the critical 
data 
of some 
of the internal 
registers 
and puts the con· 


troller 
into a Power 
down 
mode. 
A reset 


bUllon 
restarts 
the 
microcontroller 
10 


resume 
operation 
when 
power 
is 


restored . 


In this mode 
the CPU 
and all of the 


on.chip 
peripherals 
go 
to 
sleep. 
The 


device 
stops 
its oscillator. 
freezes 
all the 
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RECTIFIER 
AND 
REGULATOR 


activities and saves the infoonation in its 
internal RAM for as long as the supply 
voltage can be reduced to as low as 2 
volts without running any risks of losing 
the internal RAM infoonation. Supply 


COMMUNICATION 


LINE 
TO 
HOST 
COMPUTER 


Down mode is the last one executed. The 
only way for the part to exit this mode 
is with a hardware reset. 


A prototype of this teoninal was built 
and connected to a MDS 800 develope- 
ment system. The teoninal communi- 
cated with the host computer through the 
serial channel at the rate of 2400 baud. 
The 80C51 BH was emulated 
using 


Intel's ICE-51 in circuit emulator. The 
block diagram of the teoninal is shown 
in Figure 4. 


The CHMOS 
controller 
and LCD 
combination 
provides 
a system 
that 


requires only a single voltage power 
supply, 
and consumes 
less than 200 


mW. 
The 
system's 
low power con- 


sumption eliminates the need for com- 
plex, voltage-regulating hardware, and 
cooling fans. The result is a lighter and 
smaller computer teoninal at a very low 
cost. 
0 


INT 
0 


8OCS1BH 
J 


current in this mode is noonally 10 to 
50 •.•.A. 


Bit I of the Special Function Register 
PeON controls this mode. The instruc- 
tion that puts the device in the Power 


inter 
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I. RF.SONANTTRANSDUC>RS 
M 
OST sensing 
transducers 
are 
not 
dircctly 
compatible 
with 
digital 
controllers. 
because 
they 
generate 
analog 
signals. 
A few transducer 
companies 
are developing 
proprie- 
tary 
families 
of sensors 
which 
generate 
signals 
that are more 


directly 
compatible 
with digital 
systems. 
These 
are not analog 


sensors 
with 
built-in 
A-D 
conversion. 
but oscillators 
whose 


frequency 
depends 
in 
some 
known 
way 
on 
the 
physical 


property 
being 
measured. 
The 
technology 
is 
applicable 
to 
virtually 
any 
type 
of 
measurand: 
pressure. 
gas 
density. 
position. 
temperature. 
force. 
etc. 
The 
sensor 
and microcontroller 
can operate 
from 


the 
same 
supply 
voltage. 
so 
the 
sensor 
can 
in most 
cases 
connect 
directly 
to a port pin on the microcontroller. 
The nominal 
reference 
frequency 
of the output 
signal 
from 


these deviccs 
is in the range of 20 Hz-500 
kHz. 
depending 
on 


the 
design. 
A 
change 
in 
the 
measurand 
away 
from 
the 
reference 
condition 
causes 
thc frequen,'y 
10 shift by an amount 


that 
is 
related 
10 
the 
change 
in 
the 
measurand 
value. 
Transducers 
are availablc 
thaI have a full-scale 
frcquency 
shift 


of 2-1. 
The mi,'rtJ<:ontrollcr 
detccts 
thc changc 
in frequency 
or 


period 
and convcrts 
it in software 
to thc mcasurand 
valuc. 


II. CONNKlIN(; 
IH~ Dl(;Iri\1. TRi\NSllllnR 
I'll IH~ 8051 


Normally 
thc transduccr 
output 
,'an be <'<'nnc,'ted directly 
to 
onc of the 8051 port pins. 
An e~ception 
would 
occur 
whcn Ihc 


transducer 
signal 
does not restrict 
itsclf to the voltage 
range 
of 


-0,5 
to 
+5,5 
V. 


The 8051 is not sensitive 
to the rise and fall times of its input 
signals. 
It detects 
transitions 
by sampling 
its port pins at fixed 


intervals 
(once 
per machine 
cycle). 
and responds 
to a change 


in the sequence 
of samples, 
If the slew 
rate of the transducer 
signal 
is extremely 
slow. 
noise 
superimposed 
on the 
signal 


could 
cause 
the sequence 
of samples 
to show 
false transitions. 


There 
could 
on 
that 
account 
be 
situations 
in 
which 
the 


transducer 
signal 
should 
be buffered 
through 
a Schmill 
Trigger 


to square 
it up. 


III. T,MF.RiCoUNTF.RSTRUCTURF.IN THF.8051 


The 8051 has two 16-bit timer/counters: 
Timer,O 
and Timer 


I, 
Both 
can 
be configured 
in software 
to operate 
either 
as 


timers 
or as event 
counters. 


In 
the 
"timer" 
function. 
the 
register 
is 
automatically 


incremented 
every 
machine 
cycle, 
Since 
a machine 
cycle 
in 


the 
8051 
consists 
of 
12 clock 
periods. 
the 
timer 
is being 


incremented 
at a constant 
rate of 1/12 the clock 
frequency, 


In the 
"counter" 
function. 
the 
register 
is incremented 
in 


response 
to a I-to-O 
transition 
at its corresponding 
external 


input 
pin 
(7l) 
or 
T1), 
The 
way 
this 
function 
works 
is the 


e~ternal 
input 
pin is sampled 
once 
each 
machine 
cycle 
(once 


every 
12 clock 
periods). 
and when the samples 
show a high in 


one cycle 
and a low in the next. 
the count 
is incremented, 


Note 
too that 
since 
it takes 
two 
machine 
cycles 
(24 clock 


periods) 
to recognize 
a I-to-O transition. 
the ma~imum 
count 


rate is 1/24 the clock 
frequency, 
If the clock 
frequency 
is 12 


MHz. 
the 
maximum 
count 
rate 
is 500 
kHz, 
There 
are 
no 


requirements 
on the duty cycle 
of the signal 
being 
counted. 


The 8052. 
an enhanced 
version 
of the 8051 . has three 
16-bit 
timer/counters. 
two of which 
are identical 
to those 
in the 8051. 


The 
third 
timer/counter 
can operate 
either 
as a 16-bit 
timer/ 
counter 
with 
automatic 
reload 
to 
a preset 
16-bit 
value 
on 


rollover. 
or as a 16-bittimer/counter 
with a "capture" 
mode. 


In the capture 
mode a 1-10-0 transition 
at the T2EX 
pin causes 


the current 
value 
in the counling 
register 
to the 
"captured" 


into RAM, 
The third timer 
makes 
the 8052 particularly 
easy to 


interface 
wilh 
resonant 
transducers. 


IV. WHFTHER TO MF.ASUR~.FRFQUENCYOR PF.RIOD 


Measuring 
the 
frcquency 
requires 
counting 
transducer 


pulses 
I'm a tixed sample 
time. 
Measuring 
the period 
requires 


mcasuring 
elapsed 
time 
for 
a 
fixed 
number 
of 
transducer 


pulscs, 
For a given 
level 
of accuracy 
in the determination 
of 


Ihe valuc of thc measurand. 
it is usually 
faster 
to measure 
the 


period. 
rather 
than 
the 
frequency. 
even 
if the 
measurand 
is 
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proponional to frequency rather than period. However. both 
types of measurements will be discussed here. 
Two timer/counters can be used. one to mark time and the 


other to count transducer 
pulses. 
[f the frequency being 


counted does not exceed 50 kHz or so. one may equally well 
connect the transducer signal to an external interrupt pin. and 
count transducer pulses in software. That frees one timer. with 
very lillie cost in CPU time. 


V. How TOMEASURETRANSDUCER 
FREQUENCY 


Measuring the frequency means counting transducer pulses 


for some desired sample time. The count that is directly 
obtained is T x F, where T is the sample time and F is the 
frequency. The full scale range is T x (Fmax - Fmin). For 
n-bit resolution 


LSB = _T_x_(_F_m_a_x 
_-_Fi_m_i_n)_ 
. 


2" 


Therefore. the sample time required for n-bit resolution is 


2" 
T=----- 
Fmax-Fmin 


For 
example, 
8-bit resolution 
in the measurement 
of a 


frequency that varies between 5 and 10 kHz would require. 
according to this formula, a sample time of 51.2 ms. The 
maximum acceptable frequency count would be 51.2 ms x 10 
kHz 
= 
5[2 counts. The minimum would be 256 counts. 


Subtracting 256 from each frequency count would allow the 
frequency to be reponed on a scale of 0 to FF in hex digits. 


[f Fmin and Fmax are closer together it takes more time to 


resolve 
them. 
8-bit resolution 
in the measurement 
of a 


frequency that varies between 7 and 9 kHz would require a 
sample 
time of 
128 ms. 
The 
maximum 
and 
minimum 


acceptable counts would be 1152 and 896. Subtracting 896 
from each frequency count would allow the frequency to be 
reponed on a scale of 0 to FF in hex digits. 


To implement the measurement, 
one timer is used to 


establish the sample time. In this function it autoincrements 
every machine cycle. A machine cycle consists of [2 periods 
of the clock oscillator. The sample time can be convened to 
machine cycles by multiplying it by (Fxtal)/12, where Fxtal is 
the 805 [ clock frequency. The timer needs to be preset so that 
it rolls over at the end of each sample time. Then it generates 
an interrupt, and the interrupt routine reads and clears the 
transducer pulse counter, and then reloads the timer with the 
correct preset value. 
The preset or reload value is the two's complement negative 


of the sample time in machine cycles. For example. with a 12- 
MHz clock frequency, the reload value required to establish a 
51.2 ms sample time is 


(51.2 ms)X(l2000 
kHz) 
- 
- -5[200=3800 
H. 
12 


[n many cases the required sample time exceeds the capacity of 
a [6-bit timer. For example, establishing a 128 ms sample 
time with a [2-MHz clock frequency requires a 3-byte timer 
with a reload of FEOCooH. The 8051 timer, being only 2- 


bytes wide. can be augmented 
in software 
in the timer 


interrupt 
routine to three bytes. 
The 8051 has a DJNZ 


instruction (decrement and jump if not zero) which makes it 
easier to code the third timer byte to count down instead of up. 
[f the third timer byte counts down. its reload value is the 
two's complement of what it would be for an up-counter. For 
example. 
if the two's 
complement of the sample time is 


FEOCooH. then the reload value for the third timer byte would 
be 02. instead of FE. The timer interrupt routine might then be 


DJNZ 
TH[Rll.J[MER...BYTE.OUT 
MOV 
TLO.#O 
MOV 
THO.#OCH 
MOV 
TH[Rll.J[MER...BYTE.#02 


(Now read and clear the 
transducer pulse counter.) 
OUT: RETI 


Interrupt latency will have no effect on the measurement if the 
latency is the same for every sample time. 


The trouble with measuring the frequency is it is not only 


slow. but a waste of the resolving power of the 8051's timers. 
A timer with microsecond resolution is being used to mark off 
loo-ms time periods. The technique is nevenheless useful if 
the timer 
is already 
serving other purposes 
(servicing 
a 


display. perhaps). so that the sample time is coming relatively 
free of charge. But in most cases it is faster and equally 
accurate to measure the frequency by deriving 
it from a 


measurement of the period. 


VI. How TOMEASURETHEPERIOD 


Measuring 
the period 
of the transducer 
signal 
means 


measuring the total elapsed time over N-transducer 
pulses. 


The quantity that is directly measured is N x 
T, where Tis 


the period of the transducer signal in machine 
cycles. The 


relationship between T in machine cycles and the transducer 
frequency F in arbitrary frequency units is 


Fxtal 
T=-yX(I/12) 


where Fxtal is the 8051 clock frequency. in the same unit as F. 


The full scale range then is N x (Tmax - 
Tmin). For n-bit 
resolution 


I LSB = ._N__x_(7i_m_ax_-_Ti_m_l_·n_) 
. 


2" 


Therefore. the number of periods over which the elapsed time 
should be measured is 


2" 


Tmax- 
Tmin 


However. N must also be an integer. It is logical to evaluate 
the above formula (do not forget that Tmax and Tmin have to 
be in machine cycles) and select for N the next higher integer. 
This selection gives a period measurement that has somewhat 
more than n-bit 
resolution. 
which mayor 
may not be 


acceptable. 
depending 
on the overall 
requirements 
of the 
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system. It can be scaled back to n-bit resolution. if necessary. 
by the following computation: 


NT-NTmin 


reported value; 
NTmax_ NTmin 


where NT is the elapsed time measured over N periods. 
The computation can be done in math if a suitable divide 
routine is available in the software. For 8-bit resolution it is 
entirely reasonable to find the reported value in a look-up 
table. which would take up somewhat more than one page in 
ROM. In fact. the look-up table would contain NTmax - 
NTmin entries. 
For example. 
suppose we want 8-bit resolution 
in the 


measurement of the period of a signal whose frequency varies 
from 5 to 10 kHz. If the clock frequency is 12 MHz, then 
Tmax is (12 000 kHz)/(12 x 5 kHz) ; 
200 machine cycles, 
and Tmin is 100 machine cycles. The timer needs to be on then 
for N ; 2.56 periods. according to the fonnula. Using N ; 3 
periods will give maximum and minimum NT values of 600 
and 300 machine cycles. This is somewhat more than 8-bit 
resolution. It can be scaled to 8 bits with a 300-byte look-up 
table. if desired. 


To implement the measurement, 
one timer 
is used to 


measure 
the elapsed 
time NT. 
Enabling 
its interrupt 
is 


optional. The timer interrupt could be used to indicate a short 
or open in the transducer circuit. 


Then the transducer 
is connected to one of the external 


interrupt pins (INTO or INTI), and this interrupt is configured 
to the transition-activated 
mode. In the transition-activated 


mode every 
I-to-o transition in the transducer output will 


generate an interrupt. The interrupt routine counts transducer 
pulses. and when it gets to the predetennined N, it reads and 
clears the timer. For example 


DJNZ 
PULSES. OUT 
MOV 
PULSES,N..PERIODS 


(Read and clear timer.) 
OUT: RETI 


If other interrupts are also to be enabled. the one connected to 
the transducer should be set to Priority I, and the others to 
Priority O. This is to control the interrupt response time. The 
response time will not affect the measurement if it is the same 
for every measurement. Variations in the response time will. 
however, affect the measurement. Selling the pulse-eounter 
interrupt to Priority 1and all others to Priority 0 will minimize 
variations in the response time. The response time will then be 
limited to range from 3 to 8 machine cycles. 


VII. PuLSEWIDTH 
MEASUREMENTS 


The 8051 timers have an operating mode which is particu- 
larly suited to pulsewidth measurements, and may be useful 
here if the transducer 
has a fixed duty cycle, 
or if the 


transducer 
output is pulsewidth modulated 
instead of fre- 


quency modulated by the measurand. 
In this mode the timer is turned on by the on-chip circuitry 


in response to an input high at the external interrupt pin, and 
off by an input low. The external interrupt itself is enabled, so 
the same I-to-o transition from the transducer that turns off the 


timer also generates an interrupt. The interrupt routine would 
then read and reset the timer. 


The advantage of this method is that the transducer signal 


has direct access to the timer gate. 
with the result that 


variations in the interrupt response time cease to be a factN 
The timer can be read and cleared any time before the next 
high in the transducer output. 


VIII. DERIVINGFREQUENCY 
FROMA PERIODMEASUREMENT 


We now consider the problem of measuring the transducer 


frequency to n-bit resolution by deriving it from a direct 
measurement of the period. The advantage of this technique is 
speed. It is always faster to measure period than frequency. 
But it is important to end up with a frequency value that has the 
same resolution and accuracy as a directly measured fre- 
quency. Tw,o questions need to be addressed. 


I) To achieve n-bit resolution in the calculated frequency. 


how much resolution is required in the period? 
2) Having measured the period to the required resolution, 


what is the most efficient way to calculate the frequency? 


These questions will be addressed one at a time. 


IX. RESOLUTION 
REQUIREMENTS 


In general, 
n-bit resolution in the frequency derivation 
requires somewhat more than n-bit resolution in the period 
measurement. 
How much more? It will be demonstrated 


presently that if the transducer frequency varies over a 2-to-1 
range, the frequency can be calculated with n-bit resolution 
from period measurements that have (n + I)-bit resolution. 


The more practical fonn of the question is over how many 


periods (N) must the transducer signal be sampled to obtain 
the required 
resolution 
in F? 
And so. 
we commence 
a 
calculation of N. 


The basic calculation of frequency from N x T (which we 
shall call NT) is straightforward: 


The relationship between an increment dF in the calculated 
frequency due to an increment d(NT) in the measured period 
is. therefore. 


F2 
; -'N d(NT). 


This equation says the value of an LSB in the calculated 
frequency is (F2)/N x the value of an LSB in NT. Then the 
maximum value that an LSB in the calculated frequency can 
have is (Fmax)l/N 
x the value of an LSB in NT. For the 


calculated frequency to have n-bit resolution over the entire 
range of frequencies. the value of its LSB must never exceed 
(Fmax - 
Fmin)/2". 
Therefore. the measurement requires 


(Fmax)l 
--N- 
x (1 LSB in NT) So 
Fmax-Fmin 


2" 


· 
Nx(Fmax-Fmin) 
I LSD In NT5 
2 
• 
2" x (Fmax) 


I LSD in NT= Nx(I/Fmin-I/Fmax) 
. 


2" 


Substituting this value for I LSD into the required resolution 
and solving for 2" yields 


Fmax 
2"~--x2". 


Fmin 


In (Fmax/Fmin) 
m~n +------- 
In (2) 


It can be stated with some certainty, then, that if the transducer 
frequency varies over a range of 2-to-I, the frequency can be 
calculated with 8-bit resolution from a period measurement 
that has 9-bit resolution. If the frequency variation is less than 
2-10-1, another full bit of resolution in the period measurement 
is not needed. 
To obtain m-bit resolution in NT, N must satisfy 


2" 


N~ 
Tmax _ Tmin . 


Substituting for 2", and using Tmax = IIFmin 
and Tmin = 


II F max, gives the result that 


(Fmax)2 
N~-----x2". 
Fmax-Fmin 


It should be noted that the units of frequency here are 


periods/machine 
cycle, 
since the 80SI measures time by 


counting machine cycles. The conversion factor between Hz 
and periods/machine 
cycle is 12/(clock frequency). So the 


requirement on N can also be written 


Fmax 
Fmax 
N~-----x--x 
12x2" 
Fmax - Fmin 
Fxtal 


where Fxtal is the 80S I clock frequency in the same units as 
Fmax and Fmin.This is the number of transducer pulses over 
which the transducer signal mUSIbe sampled to achieve the 
required solution 
in F. 
For example, suppose that 80bit resolution is required in F, 


where Fmax = 10 kHz and Fmin = 5 kHz, and that Fxtal 
= 12 MHz. Then the above calculation shows that N = 6 
periods gives sufficient resolution in the period measurement 
to satisfy the resolution requirement in F. Six periods will take 
0.6-1.2 
ms of sampling time, on that frequency range. Recall 


that the sample time for a direct frequency measurement of the 
same signal and to the same resolution was eadier calculated 
to be 51.2 rns. 


X. COMPUTING 
THE 
FREQUENCY 
FROM 
THE 
PERIOD 


The period measurement leaves one with a 16-bit integer, 


which is N x T (or NT) in machine cycles. The conversion to 
frequency is straightforward: 


F= NI(NT) 
periods/machine cycle. 


The quantity of interest is probably not F, but a normalized 


measure of the amount by which F exceeds its minimum 
acceptable value. This quantity represents, through the trans- 
ducer's 
transfer 
function, 
the 
"reported 
value" 
of 
the 


measurand, and this quantity is an n-bit integer whose value 
ranges from 0 (all bits = 0) to full scale (all bits = I) This 
normalized frequency is 


F-Fmin 
f = Fmax - Fmin 


Fmin 
= -Fm-ax---F:-m-i-n 
x (FI Fmin - I) 


Using F = NI(NT) and F min = NI(NT max) allo,," the 
normalized frequency to be written 


f = 
Fmin 
x NTmax - NT 


Fmax - Fmin 
NT 


To get a handle on what kinds of numbers are involved here, 


consider the situation where 8-bit resolution is required in f, 
and in which Fxtal = 12 MHz, Fmax = 10 kHz, and Fmin 
= 5 kHz. We have previously determined that for this set of 
conditions, N = 6 periods gives sufficient resolution in the 
period measurement to satisfy the resolution requirement in F 
(and inf)o 
With a 12 MHz clock frequency, Tmax in machine 


cycles is (12 000 kHz)/(12 x 
S kHz) = 200 machine cycles, 


so NTmax is 6 
x 
200 
= 
1200 machine 
cycles. 
The 


calculation forf then becomes 


The minimum acceptable value that NT can have is (N x 
Tmin + I), where Tmin = (12000 kHz)/(12 x 10 kHz) = 
100 machine cycles. Then N x 
Tmin = 6 x 
100 = 600 


machine cycles. The allowable values for NT are then 601- 
1200 machine cycles, a total of 599 different values. 


The fastest way to "calculate" 
fwould 
be with a S99-byte 


look-up table. This method has the added advantage that 
nonlinearities in the transfer function between frequency and 
measurand can be built into the table. Look-up tables are 
facilitated in the 8051 by the MOVC A,@A+PC, 
and MOVC 


A,@A+OPTR 
instructions. OPTR is a 16-bit "data pointer" 


register 
in the 80SI. 
Its two bytes can be individually 


addressed as OPL (low byte) and OPH (high byte). 


In the example under discussion, it will be necessary to load 


OPTR with the address of the first byte of the look-up table, 
less 601, plus the 2-byte value of NT. The software that 
accesses the table might then take the following form: 


TABLE EQU (address of first table entry) 


.I" 
l I"''' 
N~ l 
d lJ 
II 
nvm ••rdte>' 


~; 
q ••• 
.' 
lJ 
t 
1'1 l " 


plc.ot 
lfHrl!'ml'nt 
f' 
"'Ild_,~r,lIe 


d.nomlnator 
nVIYlf'r",te>r 
nvmprilt(lr 
"2 
J 


q... 
"v 
~I",i!' 
qll 


nvm.r.ator 
nvm.rolltor 
dpnoml""lo. 


MOV 
ADD 
MOV 
MOV 
ADDC 
MOV 
CLR 
MOVC 


A,#LOW(TABLE - 60 I) 
A,NllO 
DPL,A 
A,#HIGH(TABLE - 601) 
A,Nt..HI 
DPH,A 
A 
A,@A+DPTR. 


At this point the accumulator contains the 8-bit value of f. 
It is perfectly reasonable to decide that a 599-byte look-up 


table is unwieldy. Its advantages are speed and built-in error 
correction. 
But a reasonably fast divide algorithm can be 


written to this specific purpose, 
making use of a priori 


knowledge about the sizes of the numbers that are involved in 
the computation. 
It helps to know that in this example the 


numerator 
is never going to be larger than 599 and the 


denominator is always greater than the numerator. 


A complete discussion of divide routines is beyond the 


scope of this paper, but a suitable divide algorithm for this 
specific application is shown in Fig. I. Reference (I) calls this 
the Restoring division algorithm. It is particularly well suite~ 
to the 8051. because" < .. comparisons are greatly facilitated 
by the 8051's 
CJNE 
(compare 
and jump 
if not equal) 


instruction. CJNE A,B.rel. 
executes a relative jump if A does 
not equal 
B. 
More 
importantly 
to this application. 
the 


instruction sets the carry tlag if A < B. 


The accuracy 
with which the 8051 will measure 
thc 


frequency or period of the transduccr signal depends on two 
things: the accuracy of the dock oscillator and variations in 
the interrupt response time. 


Sinee the clock signal is normally generated by a crystal 


oscillator. the oscillator accuracy normally far exceeds the 
quantizing error inherent in the finite (n-bit) resolution. 


As was previously mentioned. interrupt response time does 


not introduce an error 
into the 
measurement 
itself. 
but 
variations 
in the 
interrupt 
response 
time 
ean. 
Interrupt 


response time in the 8051 can vary from 3 to 8 machine cycles, 
depending on what instruction is in progress at the time the 
interrupt is generated. This would represent an error of ± 5 
counts 
in the 
measured 
value 
of 
NT 
during 
a period 


measurement. 
An error 
of 
± 5 counts 
in NT 
does 
not 


necessarily translate to ± 5 LSB's in the final result, but it 
might still represent an error that exceeds the resolution. 


In a direct frequency measurement variations in the inter- 


rupt response time would represent an error of ± 5 p.s in the 
sample time. 
If these kit.ds of errors are unacceptable there are ways to 


deal with them. In period measurements, if the duty cycle of 
the 
transducer 
is constant, 
the 
pulsewidth 
measurement 


technique, previously described, can be used. Its advantage is 
that it gates the timer off when the interrupt is generated. 
rather than when the interrupt is responded to. 


In other cases one can simply increase the sample time 


above the minimum required to obtain the desired resolution. 
For example. if the measurement requires 8-bit resolution, one 
can design the software for an II-bit resolution and truncate 
the result to 8 bits. 
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8051 
SOFTWARE 
PACKAGES 


• 
Choice of hosts: 
PCDOS3.0 based IBM* PC XT/AT*, 
iRMX®86,iPDSTMSystem, Series II, 
Series III, and Series IV 


• 
Supports all members of the Intel 
MCS®-51 architecture 


PL/M51 Software Package Contains the 
following: 


• 
PL/M51 Compiler which is designed to 
support all phases of software 
implementation 


• 
RL51 Linker and Relocator which 
enables programmers to develop 
software in a modular fashion 


• 
L1B51Librarian which lets 
programmers create and maintain 
libraries of software object modules 


8051Software Development Package 
Contains the following: 


• 
8051 Macro Assembler which gives 
symbolic access to 8051 hardware 
features 


• 
RL51 Linker and Relocator program 
which links modules generated by the 
assembler 


• 
L1B51Librarian which lets 
programmers create and maintain 
libraries of software object modules 


o 
rOi 
,_~ 
I 


• High-level 
programming 
language 
for 
• Allows programmer 
to have complete 
the Intel MCS® -51 single-chip 
control 
of microcomputer 
resources 
microcomputer 
family 
• Extends 
high-level 
language 
• Compatible 
with PL/M 
80 assuring 
programming 
advantages 
to 


MCS® -80/85 
design portability 
microcontroller 
software 
development 
• Enhanced 
to support 
boolean 
• Improved 
reliability, 
lower maintenance 
processing 
costs, increased 
programmer 
• Tailored 
to provide 
an optimum 
productivity 
and software 
portability 


balance 
among 
on-chip 
RAM usage, 
• Includes 
the linking and relocating 
code size and code execution 
time 
utility and the library manager 
• Produces 
relocatable 
object 
code 
• Supports 
all members 
of the Intel 
which is linkable to object 
modules 
MCS® -51 architecture 


generated 
by all other 8051 translators 


PL/M 
51 is a structured, 
high-level 
programming 
language 
for the Intel MCS-51 family of microcomputers. 
The 
PL/M 
51 language 
and compiler 
have been designed 
to support 
the unique 
software 
development 
require- 
ments 
of the single-chip 
microcomputer 
environment. 
The 
PL/M 
language 
has been 
enhanced 
to support 
Boolean 
processing 
and efficient 
access 
to the microcomputer 
functions. 
New compiler 
controls 
allow 
the 
programmer 
complete 
control 
over what microcomputer 
resources 
are used by PL/M 
programs. 


PL/M 
51 is largely compatible 
with PL/M 
80 and PL/M 
86. A significant 
proportion 
of existing 
PL/M 
software 
can be ported to the MCS-51 with modifications 
to support 
the MCS-51 architecture. 
Existing 
PLIM 
program- 
mers can start programming 
for the MCS-51 with a small relearning 
effort. 


PL/M 
51 is the high-level 
alternative 
to assembly 
language 
programming 
for the MCS-51. When code size and 
code execution 
speed 
are not critical 
factors, 
PL/M 
51 is the cost-effective 
approach 
to developing 
reliable, 
maintainable 
software. 


The PL/M 
51 compiler 
has been designed 
to support 
efficiently 
all phases 
of software 
implementation 
with 
features 
like a syntax 
checker, 
multiple 
levels of optimization, 
cross-reference 
generation 
and debug 
record 
generation. 


ICETM 5100, ICE 51, and EMV51 
are available 
for on-target 
debugging. 


Software 
available 
for PC DOS 3.0 based 
IBM' 
PC XT/AT* 
Systems. 


Major features of the Intel PLIM 51 compiler and 
programming language include: 


PL/M source code is developed in a series of mod- 
ules, procedures, and blocks. Encouraging program 
modularity in this manner makes programs more 
readable, and easier to maintain and debug. The 
language becomes more flexible, by clearly defining 
the scope of user variables (local to a private proce- 
dure, for example). 


Language Compatibility 


PL/M 51 object modules are compatible with object 
modules generated by all other MCS-51 translators. 
This means that PL/M programs may be linked to 
programs written in any other MCS-51 language. 


Object modules are compatible with In-Circuit Emu- 
lators and Emulation Vehicles for MCS-51 proces- 
sors: the DEBUG compiler control provides these 
tools with symbolic debugging capabilities. 


Supports Three Data Types 


PL/M makes use of three data types for various ap- 
plications. These data types range from one to six- 
teen bits and facilitate various arithmetic.,logic, and 
address functions: 
- 
Bit: a binary digit 
- 
Byte: a-bit unsigned number or, 
- 
Word: 16-bit unsigned number. 


Another powerful facility allows the use of BASED 
variables that map more than one variable to the 
same memory location. This is especially useful for 
passing parameters, relative and absolute address- 
ing, and memory allocation. 


Two Data Structuring 
Facilities 


PL/M 51 supports two data structuring facilities. 
These add flexibility to the referencing of data stored 
in large groups. 
- 
Array: Indexed list of same type data elements 


- 
Structure: Named collection of same or different 
type data elements 
- 
Combinations of Both: Arrays of structures or 
structures of arrays. 


Interrupt 
Handling 


A procedure may be defined with the INTERRUPT 
attribute. The compiler will generate code to save 
and restore the processor status, for execution of 
the user-defined interrupt handler routines. 


Compiler Controls 


The PL/M 51 compiler offers controls that facilitate 
such features as: 
- 
Including additional PLIM 51 source files from 
disk 
- 
Cross-reference 
- 
Corresponding assembly language code in the 
listing file 


Program Addressing 
Control 


The PL/M 51 compiler takes full advantage of pro- 
gram addressing with the ROM (SMALL/MEDIUM/ 
LARGE) control. Programs with less than 2 KB code 
space can use the SMALL or MEDIUM option to 
generate optimum addressing instructions. Larger 
programs can address over the full 64 KB range. 


The PL/M 51 compiler offers four levels of optimiza- 
tion for significantly reducing overall program size. 
- 
Combination or "folding" 
of constant expres- 


sions; "Strength reductions" (a shift left rather 
than multiply by 2) 
- 
Machine code optimizations; elimination of su- 
perfluous branches 
- 
Automatic overlaying of on-chip RAM variables 


- 
Register history: an off-chip variable will not be 
reloaded if its value is available in a register. 


The PLIM 51 compiler has a very powerful feature 
to speed up compilations. If a syntax or program er- 
ror is detected, the compiler will skip the code gen- 
eration and optimization passes. This usually yields 
a 2X performance increase for compilation of pro- 
grams with errors. 


A fully detailed set of programming and compilation 
error messages is provided by the compiler and us- 
er's guide. 


PL/M 
51 is designed 
to be an efficient, 
cost-effec- 


tive solution 
to the special 
requirements 
of MCS-51 


Microsystem 
Software 
Development, 
as illustrated 


by the following 
benefits 
of PL/M 
use: 


PLIM 
51 is easy to learn and to use, even for the 


novice 
programmer. 


Critical 
projects 
are 
completed 
much 
earlier 
than 


otherwise 
possible 
because 
PL/M 
51, a structured 


high-level 
language, 
increases 
programmer 
produc- 


tivity. 


Increases 
in programmer 
productivity 
translate 
im- 


mediately 
into 
lower 
software 
development 
costs 


because 
less programming 
resources 
are required 


for a given programmed 
function. 


Increased 
Reliability 


PL/M 
51 is designed 
to aid in the development 
of 


reliable 
software 
(PL/M 
programs 
are simple 
state- 


ments 
of the program 
algorithm). 
This substantially 


reduces 
the risk of costly correction 
of errors in sys- 


tems 
that 
have 
already 
reached 
full 
production 


status, as the more simply stated the program 
is, the 


more likely it is to perform 
its intended 
function. 


Easier Enhancements 
and 
Maintenance 


Programs 
written 
in PL/M 
tend to be self-document- 


ing, thus easier to read and understand. 
This means 


it is easier to enhance 
and maintain 
PL/M 
programs 


as the system 
capabilities 
expand 
and future 
prod- 


ucts are developed. 


• 
Links modules 
generated 
by the 


assembler 
and the PL/M 
compiler 


• 
Locates 
the linked object 
to absolute 


memory 
locations 


• 
Enables 
modular 
programming 
of 


software-efficient 
program 
development 


• 
Modular 
programs 
are easy to 


understand, 
maintainable 
and reliable 


The MCS-51 linker and relocator 
(RL51) is a utility which enables 
MCS-51 programmers 
to develop 
software 
in 
a modular 
fashion. 
The utility resolves 
all references 
between 
modules 
and assigns 
absolute 
memory 
loca- 


tions to all the relocatable 
segments, 
combining 
relocatable 
partial segments 
with the same name. 


With 
this 
utility, 
software 
can be developed 
more 
quickly 
because 
small 
functional 
modules 
are easier 
to 
understand, 
design 
and test than large programs. 


The total number of allowed 
symbols 
in user-developed 
software 
is very large because 
the assembler 
number 
of symbols' 
limit applies only per module, not to the entire program. 
Therefore 
programs 
can be more readable 
and better documented. 
RL51 can be invoked 
either manually or through a batch file for improved 
productivity. 


Modules 
can be saved and used on different 
programs. 
Therefore 
the software 
investment 
of the customer 
is 
maintained. 


RL51 produces 
two files. The absolute 
object 
module file can be directly 
executed 
by the MCS-51 family. The 
listing file shows 
the results of the link/locate 
process. 


The L1B51utility enables MCS-51 programmers to 
create and maintain libraries of software object mod- 
ules. With this utility, the customer can develop stan- 
dard software modules and place them in libraries, 
which programs can access through a standard in- 
terface. When using object libraries, the linker will 


call only object modules that are required to satisfy 
external references. 


Consequently, the librarian enables the customer to 
port and reuse software on different projects-there- 
by maintaining the customer's software investment. 


Order Code 


D86PLM51 


Operating 
Environment 


PL/M51 Software for PC DOS 3.0 Systems 


PL/M51 Software for iRMX 86 Systems 


Documentation 
Package 


PLIM 51 User's Guide 
Hotline Telephone Support, Software Performance 
Report (SPR), Software Updates, Technical 
Re- 


ports, and monthly Technical Newsletters are avail- 
able. 


• 
Symbolic 
relocatable 
assembly 


language 
programming 
for 8051 


microcontrollers 


• 
Extends 
Intellec@ Microcomputer 


Development 
System 
to support 
8051 


program 
development 


• 
Produces 
Relocatable 
Object 
Code 


which is linkable to other 8051 Object 
Modules 


• 
Encourage 
modular 
program 
design for 


maintainability 
and reliability 


• 
Macro Assembler 
features 
conditional 


assembly 
and macro capabilities 


• 
Supports 
all members 
of the Intel 


MCS® 51 architecture 


The 8051 software 
development 
package 
provides 
development 
system 
support 
for the powerful 
8051 family 
of single 
chip 
microcomputers. 
The package 
contains 
a symbolic 
macro 
assembler 
and relocation/linkage 
utilities. 


The assembler 
produces 
relocatable 
object 
modules 
from 8051 macro assembly 
language 
instructions. 
The 
object code modules 
can be linked and located 
to absolute 
memory 
locations. 
This absolute 
object code may 
be used to program 
the 8751 EPROM version 
of the chip. The assembler 
output may also be debugged 
using 
the new family of ICE 5100 emulators 
or with the ICE-51TM 
in-circuit 
emulator. 


The converter 
translates 
8048 assembly 
language 
instructions 
into 8051 source 
instructions 
to provide 
soft- 
ware compatibility 
between 
the two families 
of microcontrollers. 


Software 
available 
for PC DOS 3.0 based 
IBM' 
PC XT/AT 
Systems. 


• 
Supports 
8051 family program 


development 
on Intellec® 
Microcomputer 
Development 
Systems 


• 
Gives symbolic 
access to powerful 


8051 hardware 
features 


• 
Produces 
object 
file, listing file and 


error diagnostics 


• 
Object files are linkable and locatable 


• 
Provides 
software 
support 
for many 


addressing 
and data allocation 


capabilities 


• 
Symbolic 
Assembler 
supports 
symbol 


table, cross-reference, 
macro 


capabilities, 
and conditional 
assembly 


The 8051 Macro Assembler (ASM51) translates symbolic 8051 macro assembly language modules into link- 
able and locatable object code modules. Assembly language mnemonics are easier to program and are more 
readable than binary or hexadecimal machine instructions. By allowing the programmer to give symbolic 
names to memory locations rather than absolute addresses, software design and debug are performed more 
quickly and reliably. Furthermore, since modules are linkable and relocatable, the programmer can do his 
software in modular fashion. This makes programs easy to understand, maintainable and reliable. 


The assembler supports macro definitions and calls. This is a convenient way to program a frequently used 
code sequence only once. The assembler also provides conditional assembly capabilities. 


Cross referencing is provided in the symbol table listing, showing the user the lines in which each symbol was 
defined and referenced. 


ASM51 provides symbolic access to the many useful addressing features of the 8051 architecture. These 
features include referencing for bit and byte locations, and for providing 4-bit operations for BCD arithmetic. 
The assembler also provides symbolic access to hardware registers, I/O ports, control bits, and RAM address- 
es. ASM51 can support all members of the 8051 family. 


If an 8051 program contains errors, the assembler provides a comprehensive set of error diagnostics, which 
are included in the assembly listing or on another file. Program testing may be performed by using the iUP 
Universal Programmer and iUP F87/51 personality module to program the 8751 EPROM version of the chip. 


• 
Links modules 
generated 
by the 


assembler 


• 
Locates 
the linked object 
to absolute 


memory 
locations 


• 
Enables 
modular 
programming 
of 


software 
for efficient 
program 


development 


• 
Modular 
programs 
are easy to 


understand, 
maintainable 
and reliable 


The 8051 linker and relocator (RL51) is a utility which enables 8051 programmers to develop software in a 
modular fashion. The linker resolves all references between modules and the relocator assigns absolute 
memory locations to all the relocatable segments, combining relocatable partial segments with the same 
name. 


With this utility, software can be developed more quickly because small functional modules are easier to 
understand, design and test than large programs. 


The number of symbols in the software is very large because the assembler symbol limit applies only per 
module not the entire program. Therefore programs can be more readable and better documented. 


Modules can be saved and used on different programs. Therefore the software investment of the customer is 
maintained. 


RL51 produces two files. The absolute object module file can be directly executed by the 8051 family. The 
listing file shows the results of the link/locate process. 


The L1B51utility enables MCS-51 programmers to create and maintain libraries of software object modules. 
With this utility, the customer can develop standard software modules and place them in libraries, which 
programs can access through a standard interface. When using object libraries, the linker will call only object 
modules that are required to satisfy external references. 


Consequently, the librarian enables the customer to port and reuse software on different projects-thereby 
maintaining the customer's software investment. 


Order Code 


D86ASM51 


Operating 
Environment 


8051 Assembler for PCDOS 3.0 Systems 


Documentation 
Package: 


MCS-51 Macro Assembler User's Guide 


MCS-51 Utilities User's Guide for 8080/8085 
Based Development System 


Hotline Telephone Support, Software Performance 
Reporting (SPR), Software Updates, Technical Re- 
ports, Monthly Newsletter available. 


MCS-51 8048-to-8051 Assembly Language Con- 
verter Operating Instructions for ISIS-II Users 


inter 


iDCX 51 


DISTRIBUTED CONTROL EXECUTIVE 


• 
Supports 
MCS®-51 and RUPITM-44 


Familes of 8·Bit Microcontrollers 


• 
Real-Time, 
Multitasking 
Executive 


- 
Supports 
up to 8 Tasks at Four 


Priority 
Levels 


• 
Local and Remote 
Task Communication 


• 
Small-2.2K 
Bytes 


• 
Reliable 


• 
Simple User Interface 


• 
Dynamic 
Reconflguration 
Capability 


• 
Compatible 
with BITBUSTM/Distributed 


Control 
Modules 
(iDCM) Product 
Line 


The iDCX 51 Executive 
is compact, 
easy to use software 
for development 
and implementation 
of applications 
using the high performance 
8-bit family of 8051 microcontrollers, 
including 
the 8051,8044, 
and 8052. Like the 
8051 
family, 
the 
iDCX 51 Executive 
is tuned 
for real-time 
control 
applications 
requiring 
manipulation 
and 
scheduling 
of more than one task, and fast response 
to external 
stimuli. 


The MCS-51 microcontroller 
family coupled 
with iDCX 51 is a natural combination 
for applications 
such as data 
acquisition 
and monitoring, 
process 
control, 
robotics, 
and machine 
control. 
The iDCX 51 Executive 
can signifi- 
cantly 
reduce 
applications 
development 
time, particularly 
BITBUS 
distributed 
control 
environments. 


The iDCX 51 Executive 
is available 
in two forms, either as configurable 
software 
on diskette 
or as preconfig- 
ured firmware 
within the 8044 BEM BITBUS 
microcontroller. 


inter 


The iDCX 51 Executive is designed to support the 
MCS-51 and RUPI-44 families of 8-bit microcontrol- 
lers. MCS-51 microcontrollers that are supported in- 
clude the 8051, 80C51, 8052, 8031, 8032, and 8751 
devices. The RUPI-44 microcontrollers include the 
8044, 8344, and 8744 devices. All of these micro- 
controllers share a common 8051 core. 


Real-time control applications must be responsive to 
the external environment and typically involve the 
execution of more than one activity (task or set of 
tasks) in response to different external stimuli. Con- 
trol of an industrial drying process is an example. 
This process could require monitoring of multiple 
. temperatures and humidity; control of fans, heaters, 
and motors that must respond accordingly to a vari- 
ety of inputs. The iDCX 51 Executive fully supports 
applications requiring response to stimuli as they oc- 
cur, i.e., in real-time. This real-time response is sup- 
ported for multiple tasks often needed to implement 
a control application. 


Some of the facilities precisely tailored for develop- 
ment and implementation of real-time control appli- 
cation systems provided by the iDCX 51 Executive 
are: task management, interrupt handling, message 
passing, and when integrated with communications 
support, message passing with different microcon- 
trollers. Also, the iDCX 51 Executive is driven by 


events: interrupts, timers, and messages ensuring 
the application system always responds to the envi- 
ronment appropriately. 


A task is a program defined by the user to execute a 
particular control function or functions. Multiple pro- 
grams or tasks may be required to implement a par- 
ticular function such as "controlling Heater 1". The 
iDCX 51 Executive recognizes three different task 
states as one of the mechanisms to accomplish 
scheduling of up to eight tasks. Figure 2 illustrates 
the different task states and their relationship to one 
another. 


The scheduling of tasks is priority based. The user 
can prioritize tasks to reflect their relative impor- 
tance within the overall control scheme. For in- 
stance, if Heater 1 must go off line prior to Heater 2 
then the task associated with Heater 1 shutdown 
could be assigned a higher priority ensuring the cor- 
rect shutdown sequence. The RQ WAIT system call 
is also a scheduling tool. In this example the task 
implementing Heater 2 shutdown could include an 
instruction to wait for completion of the task that im- 
plements Heater 1 shutdown. 


The iDCX 51 Executive allows for PREEMPTION of 
a task that is currently being executed. This means 
that if some external event occurs such as a cata- 
strophic failure of Heater 1, a higher priority task as- 
sociated with the interrupt, message, or timeout re- 
sulting from the failure will preempt the running task. 
Preemption ensures the emergency will be respond- 
ed to immediately. This is crucial for real-time control 
application systems. 


Event Occurs 
Assoc. 
w/Asleep 
Task 
wI 
Lower 
Priority 


Than Running 
Task 


Interrupt 
Handling 


The 
iDCX 51 
Executive supports five 
interrupt 


sources as shown in Table 1. Four of these interrupt 
sources, excluding timer 0, can be assigned to a 
task. When one of the interrupts occurs the task as- 
sociated with it becomes a running task (if it were 
the highest priority task in a ready state). In this way, 
the iDCX 51 Executive responds to a number of in- 
ternal and external stimuli including time intervals 
designed by the user. 


Interrupt 
Source 
Interrupt 
Number 


External Request 0 
OOH 


Timer 0 
01H 


External Request 1 
02H 


Timer 1 
03H 


Internal Serial Port 1 
04H 


Message Passing 


The iDCX 51 Executive allows tasks to interface with 
one another via a simple message passing facility. 
This message passing facility can be extended to 
different processors when communications support 
is integrated within a BITBUS/iDCM system, for ex- 
ample. This facility provides the user with the ability 
to link different functions or tasks. Linkage between 
tasks/functions 
is typically required to support de- 


velopment of complex control applications with mul- 
tiple sensors (input variables) and drivers (output 
variables). For instance, the industrial drying process 
might require a dozen temperature inputs, six mois- 
ture readings, and control of: three fans, two con- 
veyor motors, a dryer motor, and a pneumatic con- 
veyor. The data gathered from both the temperature 
and humidity sensors could be processed. Two 
tasks might be required to gather the data and pro- 
cess it. One task could perform a part of the analy- 
sis, then include a pointer to the next task to com- 
plete the next part of the analysis. The tasks could 
continue to move between one another. 


The iDCX 51 Executive system calls can support 
communication to tasks on remote controllers. This 
feature makes the iDCX 51 Executive ideal for appli- 
cations using distributed architectures. 
Providing 


communication support saves significant application 
development time and allows for more effective use 
of this time. Intel's iDCM product line combines 
hardware and software to provide this function. 


In an iDCM system, communication between nodes 
occurs via the BITBUS microcontroller interconnect. 
The BITBUS microcontroller interconnect is a high 
performance serial control bus specifically intended 
for use in applications built on distributed architec- 
tures. The iDCX 51 Executive provides BITBUS sup- 
port. 


A pre-configured version of the iDCX 51 Executive 
implements the BITBUS message format and pro- 
vides all iDCX 51 facilities mentioned previously: 
task management, interrupt handling, and message 
passing. This version of the Executive is supplied in 
firmware on the 8044 BEM with the iDCM hardware 
products: the iSBXTM344A BITBUS Controller MUL- 
TIMODULETM; the iDCX 344A BITBUS controller 
board for the PC; and the iRCB boards. 


Designers who want to use the iDCX executive on 
an Intel BITBUS board should purchase either 
DCS110 or DSC120 BITBUS software. Both of these 
products include an interface library to iDCX 51 pro- 
cedures and other development files. It is not neces- 
sary to purchase the iDCX 51 Executive. 


The iDCX 51 Executive's capabilities are utlilized 
through system calls. These interfaces have been 
defined for ease of use and simplicity. Table 2 in- 
cludes a listing of these calls and their functions. 
Note that tasks may be created at system initializa- 
tion or run-time using the CREATE TASK call. 


Other Functions such as GET FUNCTION IDS, AL- 
LOCATE/DEALLOCATE BUFFER, and SEND MES- 
SAGE, support communication for distributed archi- 
tectures. 


Call Name 
Description 


TASK MANAGEMENT 
CALLS 


RQ$CREATE$T 
ASK 
Create and schedule 
a new task. 


RQ$DELETE$T 
ASK 
Delete specified 
task from system. 


RQ$GET$FUNCTION$IDS 
Obtain the function 
IDs of tasks currently 
in the system. 


RQ$ALLOCATE 
Obtain a message 
buffer from the system buffer pool. 


RQ$DEALLOCATE 
Return a message 
buffer to the system buffer pool. 


RQ$SEND$MESSAGE 
Send a message 
to specified 
task. 


RQ$WAIT 
Wait for a message 
event. 


MEMORY 
MANAGEMENT 
CALLS 


RQ$GET$MEM 
Get available 
system memory pool memory. 


RQ$RELEASE$MEM 
Release system memory pool memory. 


INTERRUPT 
MANAGEMENT 
CALLS 


RQ$DISABLE$INTERRUPT 
Temporarily 
disable an interrupt. 
I 


RQ$ENABLE$INTERRUPT 
Re-enable 
an interrupt. 


RQ$WAIT 
Wait for an interrupt 
event. 


TIMER 
MANAGEMENT 
CALLS 


RQ$SET$INTERVAL 
Establish 
a time interval. 


RQ$WAIT 
Wait for an interval event. 


Another 
feature 
that eases application 
development 


is automatic 
register 
bank allocation. 
The Executive 


will assign tasks to register 
banks automatically 
un- 


less a specific 
request 
is made. The iDCX 51 Execu- 


tive keeps track of the register assignments 
allowing 


the user to concentrate 
on other activities. 


The user configures 
an iDCX 51 system 
simply 
by 


specifying 
the initial set of task descriptors 
and con- 


figuration 
values, 
and 
linking 
the 
system 
via 
the 


RL 51 Linker 
and 
Locator 
Program 
with 
user pro- 


grams. 


Each task that will be running 
under 
control 
of the 


executive 
has an Initial Task 
Description 
(ITD) that 


describes 
it. The ITD specifies 
to the executive 
the 


amount 
of stack 
space to reserve, 
the priority 
level 


of the task (1-4), the internal 
memory 
register 
bank 


to be associated 
with the task, the internal 
or exter- 


nal interrupt 
associated 
with the task, and a function 


10 (assigned 
by the 
user) 
that 
uniquely 
labels 
the 


task. The ITD can also include 
a pointer 
to the ITD 


for the next task. In this wayan 
ITD "chain" 
can be 


formed. 
For example, 
if four 
ITD's 
are chained 
to- 


gether, 
then when 
the system 
is initialized, 
all four 


tasks will be put into a READY state. Then, the high- 
est priority task will run. 


The DCX 51 user can control 
several 
system 
con· 


stants 
during 
the 
configuration 
process 
(Table 
3). 


Most of these 
constants 
are fixed, but by including 


an Initial Data Descriptor 
(100) in an ITD chain, the 


system clock priority, clock time unit, and buffer size 
can be modified 
at run-time. 


T-his feature 
is useful for products 
that use the same 


software 
core, 
but need 
minor 
modification 
of the 


executive 
to better 
match 
the end application. 
The 


initial data descriptor 
also allows 
the designer, 
who 


is using 
an 8044 
BEM 
BITBUS 
Microcontroller, 
to 


modify 
the preconfigured 
(on-chip) 
iDCX 51 Execu- 


tive. 


Programs 
may be written 
in ASM 
51 or PUM 
51. 


Intel's 
8051 
Software 
Development 
Package 
con· 


tains 
both ASM 51 and RL 51. Figure 
3 shows 
the 


software 
generation 
process. 


intJ 


Constant 
Name 
Description 


RQ CLOCK PRIORITY 
The priority level of the system clock. 


RQ CLOCK TICK 
The number of time cycles in the system clock basic time unit (a "tick"). 


RQ FIRST ITD 
The absolute 
address of the first ITD in the ITD chain. 


RQ MEM POOL ADR 
The start address of the System Memory 
Pool (SMP) in Internal Data RAM. 


RQ MEM POOL LEN 
The length of the SMP. 


RQRAM 
100 
The absolute 
RAM address of where iDCX 51 checks for an Initial Data 


Descriptor 
(100) during initialization. 


RQ SYS BUF SIZE 
The size, in bytes, of each buffer in the system buffer pool. 


ICETIA 5100 
SERIES, 


ICETIA 44,ICE 51 , 


EMV 44, OR EMV51, 
EMULATORS 


INSTALL EMULATOR 
PROBE IN 
MICROCONTROLLER 
SITE 


IUP-200A/201A 
UNIVERSAL PROM 
PROGRAMMER 
INSTALL 
EPROM 
IN CODE 


SITE 


TARGET 
BOARD 
WITH 


MCS® 
51/ 


RUPITW44 
MICRO- 
CONTROLLER 


0""'''"" 
D SOFTWARE TOOL 


NOTE: 
°RL 51 is included 
with ASM51 
and PLIM 
51; OBJHEX 
and the BITBUS 
Monitor 
are part of the DCS100 
BITBUS 
Toolbox. 
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SOPHISTICATED 
INTERNAL 
MEMORY 


MANAGEMENT 


The amount of internal memory available ranges 
from 128 to 256 bytes depending on the type of mi- 
crocontroller used. 


Internal memory is used for the executive, stack 
spare for "running" tasks, space for message buff- 
ers, and reserved memory for variables storage. 
Other memory is used for register space. Except for 
register space, the allocation of internal memory is 
controlled by the executive, user-specified task/data 
descriptors and system configuration constants. 


To optimize use of this limited resource, iDCX 51 
provides dynamic (run-time) memory management. 


INITIALIZATION 
AND DYNAMIC 


MEMORY 
MANAGEMENT 


At initialization (see Figure 4), the iDCX 51 Executive 
creates the System Memory Pool (SMP) out of the 
remaining initial free space (Le. memory not used by 
the iDCX 51 Executive or for register space). Next, 
stack space is created for each of the initial tasks 
that will be running on the system. If reserved mem- 
ory is requested (using an IDD), that memory is also 
set aside. Finally, multiple buffers (size specified dur- 
ing iDCX 51 configuration or using an IDD) are allo- 


cated from any remaining memory. These buffers 
form the System Buffer Pool (SBP) that can be used 
to create additional stack space or to locate mes- 
sages sent between tasks. 


During run-time, the iDCX 51 Executive dynamically 
manages this space. If a task is deleted, its stack 
space is returned to the System Buffer Pool for use 
by other tasks or as a message buffer. 


As new tasks are dynamicalily created, the execu- 
tive reserves the needed stack space. If no space is 
available, the executive deallocates a buffer from 
the System Buffer Pool and then allocates the need- 
ed stack space. 


To send or receive a message, the executive allo- 
cates one or more buffers from the SBP for space to 
locate the message. With iDCX 51, messages can 
be optionally located in external (off-chip) memory. 
The pre-configured executive in the 8044 BEM 
BITBUS microcontroller, however, always locates 
messages in internal memory. 


Real-time control applications require reliability. The 
nucleus requires about 2.2K bytes of code space, 40 
bytes on-chip RAM, and 218 bytes external RAM. 


Initial 


Free 


Memory 


Space 


Task 0 


Task 
1 


Task 2 


Task 3 


Unailocated 


I 


SSP 


I 
I 


User 


Memory 


STEPS: 
1. Create 
system 
memory 
pool from 
the initial free mem- 


ory space. 
2. Allocate 
stack 
space 
(space 
for 4 tasks 
shown). 


3. Allocate 
user-reserved 
memory 
(per the 100). 


4. Allocate 
equal-size 
buffers 
to form 
the 
system 
buffer 


pool. 
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Streamlined code increases performance and reli- 
ability, and flexibility is not sacrificed as code may be 
added to either on-chip or external memory. 


The iDCX 51 architecture and simple user interface 
fu'rther enhance reliability and lower cost. For exam- 
ple, the straightforward structure of the user inter- 
faces, and the transparent nature of the scheduling 
process contribute to reliability of the overall system 
by minimizing programming effort. Also, modularity 
increases reliability of the system and lowers cost by 
allowing user tasks to be refined independent of the 
system. In this way, errors are identified earlier and 
can be easily corrected in each isolated module. 


In addition, users can assign tasks a Function ID 
that allows tracking of the tasks associated with a 
particular control/monitorig function. This feature re- 
duces maintenance and trouble shooting time thus 
increasing system run time and decreasing cost. 


The iDCX 51 Executive supports applications devel- 
opment based on any member of the high perform- 
ance 8051 family of microcontrollers. The Executive 
is available on diskette with user linkable libraries or 
in the 8044 BITBUS Enhanced Microcontroller pre- 
configured in on-chip ROM. (The 8044 BEM is an 
8044 component that consists of an 8051 microcon- 
troller and SDLC controller on one chip with integral 
firmware.) 


When in the iDCM environment (Figure 5), the pre- 
configured iDCX 51 Executive can communicate 
with other BITBUS series controller boards. The 
BITBUS board at the master node can be associat- 
ed with either an iRMXTM,PC-DOS or XENIX' host 
system. 


// 
\'" 


fACTORY I/O 


Intel provides a complete development environment 
for the MCS-51 and RUPI-44 families of microcon- 
trollers. The iDCX 51 Executive is only one of many 
of the software development products available. The 
executive is compatible with the following software 
development utilities available from Intel: 
• 8051 Macro Assembler (ASM 51) 
• PLIM 51 Compiler 
• RL 51 Linker and Relocator Program 
• LIB 51 


Intel hardware development tools currently available 
for MCS-51 and RUPI-44 microcontroller develop- 
ment are: 
• ICE-5100/252 
Emulator for the MCS-51 family of 


microcontrollers 
• ICE-51001044 Emulator for the RUPI-44 family of 


microcontrollers (8044, 8344, 8744) 


• iUP-200Al201A 
PROM Programmer, 21X soft- 


ware, and iUP programming modules 


The DCX 51 Executive is also compatible with older 
hardware development tools (no longer available), 
which include: 
• EMV-51144 Emulation Vehicles 
• ICE-51144 In-Circuit Emulators 


Table 4 shows the possible MCS-51 and RUPI-44 
families development environments: host systems, 
operating systems, available software utilities, and 
hardware debug tools. 


Figure 5. iDeM Operating 
Environment 
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Reference 
Manual (Supplied) 


460367-001- 
iDCX 
51 
Distributes 
Control 
Execu- 


tive User's 
Guide for Release 
2.0. 
Supported 
Microcontrollers 


8031 
80C31 
8051 
80C51 
8032 
8751 
8744 
8044 
8344 
8052 


Part Number 


DCX51SU 


Compatible 
OCM BITBUSTM Software 


DCS 100 
BITBUS Toolbox 
Host Software 
Utilities 


DCS 110 
BITWARE 
DCM44 Code for BITBUS 
em- 


ulation 


Description 


Executive 
for 8051 
Family 
of Micro· 


controllers. 
Single User License, 
De- 


velopment 
Only. 
Media 
Supplied 
for 


All Host Systems 
(Table 3). 


Royalty 
(Incorporation) 
Fee for iDCX 


Executive. 
Set of 50 incorporations. 


IDCX 51 RF does not ship with soft- 
ware (Order DCX 51 SU). 


Host Systems 


Development 
Utilities 
Intellec@ 


PC/MS·DOS 
iRMX@86 
IPDSTM 
Series II 
Series IIII1V 


SOFTWARE 


ASM 51 + Utilities(1) 


"" 
"" 
"" 
"" 
"" 
PLIM 
51 + Utilities(1) 
"" 
"" 
"" 
"" 
"" 
iDCX 51 Executive 
"" 
"" 
"" 
"" 
HARDWARE 


ICE·51 001044/252 
"" 
"" 
iUP·200Al201A 
"" 
"" 
EMV-51(2), EMV-44(2) 


"" 
"" 


ICE-51 (2), ICE-44(2) 


"" 
"" 
iPDS + iUP-F87/44A 
PROM Programmer 
"" 


NOTES: 
1. Utilities include RL 51, LIB 51, and AEDIT. Software for Series" 
systems is down-revision version. 
2. These products are no longer available. 
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In-Circuit Emulator for the 


MCS®-51 Family of Microcontrollers 


• 
Precise, 
Full-Speed, 
Real-Time 


Emulation 
of Selected 
MCS-51 


Microcontroller 
Components 
at Speeds 


Up to and Including 
16 MHz 


• 
64 KB of Mappable 
High-Speed 


Emulation 
Memory 


• 
254 24·Bit Frames of Trace 
Memory 
(16 


Bits Trace 
Program 
Execution 


Addresses 
and 8 Bits Trace 
External 


Events) 


• 
Serial Link to the IBM· 
PC AT, PC XT 


(and DOS Compatibles), 
and the 


Intellec@ Series III II V 


• 
ASM-51 
and PL/M-51 
Language 


Support 


• 
Symbolic 
Debugging 
Enables 
Access 
to 


Memory 
Locations 
and Program 


Variables 


• 
Four Address 
Breakpoints 
with In- 


Range, Out-Of-Range, 
and Page Breaks 


• 
Equipped 
with the Integrated 
Command 


Directory 
(ICDTM) that Includes: 


- 
On-Line 
Help 
- 
Syntax 
Guidance 
and Checking 


- 
Dynamic 
Command-Entry 


- 
Error Checking 
- 
Command 
Recall 


• 
On-Line 
Disassembler 
and Single-Line 


Assembler 
to Help with Code Patching 


• 
Built-In CRT-Oriented 
Text Editor 


The ICETM-5100/252 
in-circuit 
emulator 
is a high-level, 
interactive 
debugging 
system 
that is used to develop 
and test the hardware 
and software 
of a target system 
based on the MCS@-51 family of microcontrollers. 
The 
ICE-51 00/252 
emulator 
can be serially 
linked 
to an IBM PC AT or PC XT, or an Intellec 
Series 
III/IV. 
The 
emulator 
can communicate 
with the 
host 
system 
at standard 
baud 
rates 
up to 19.2K. 
The 
design 
of the 
emulator 
supports 
selected 
MCS-51 
microcontroller 
components 
at speeds 
up to and including 
16 MHz. 
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The ICE-5100/252 
emulator 
provides 
full emulation 


support 
for the 
MCS@-51 family 
members 
listed 
in 


Table 
1. 


The ICE-51 00/252 
emulator 
enables 
hardware 
and 


software 
development 
to 
proceed 
simultaneously. 
With 
the 
ICE-5100/252 
emulator, 
prototype 
hard- 


ware can be added 
to the system 
as it is designed 


and software 
can be developed 
prior to the comple- 


tion of the hardware 
prototype. 
Software 
and hard- 


ware integration 
can occur while the product 
is being 


developed. 


The 
ICE-5100/252 
emulator 
assists 
four 
stages 
of 


development: 


• 
Software 
debugging 


• 
Hardware 
debugging 


• 
System 
integration 


• 
System 
test 


Software 
Debugging 


The 
ICE-5100/252 
emulator 
can be operated 
with- 


out being connected 
to the target 
system 
or before 


any of the user's hardware 
is available 
(provided 
ex- 
ternal data RAM is not needed). 
In this stand-alone 


mode, 
the 
ICE-5100/252 
emulator 
can be used to 


facilitate 
program 
development. 


Hardware 
Debugging 


The 
ICE-5100/252 
emulator's 
AC/DC 
parametric 


characteristics 
match the microcontroller's. 
The em- 


ulator's 
full-speed 
operation 
makes it a valuable 
tool 


for debugging 
hardware, 
including 
time-critical 
serial 


port, timer, and external 
interrupt 
interfaces. 


Integration 
of 
software 
and 
hardware 
can 
begin 


when the emulator 
is plugged 
into the microcontro/- 


ler socket 
of the prototype 
system 
hardware. 
Hard- 


ware can be added, modified, 
and tested 
immediate- 


ly. As each 
section 
of the user's 
hardware 
is com- 


pleted, 
it can be added 
to the prototype. 
Thus, the 


hardware 
and software 
can be system tested 
in real- 


time operation 
as each section 
becomes 
available. 


When the prototype 
is complete, 
it is tested 
with the 


final version 
of the system 
software. 
The ICE-51 00/ 


252 emulator 
is then used for real-time 
emulation 
of 


the microcontroller 
to debug 
the system 
as a com- 


pleted 
unit. 


The final product 
verification 
test can be performed 


using the ROM or EPROM version 
of the microcon- 


troller. 
Thus, 
the 
ICE-5100/252 
emulator 
provides 


the ability to debug a prototype 
or production 
system 


at any stage 
in its development 
without 
introducing 


extraneous 
hardware 
or software 
test tools. 


The ICE-5100/252 
emulator 
consists 
of the follow- 
ing components 
(see Figure 1): 


• 
Power supply 


• 
AC and DC power cables 


• 
Controller 
pod 


• 
Serial cable (host-specific) 


• 
User probe 
assembly 
(consisting 
of the proces- 


sor module 
and the user cable) 


• 
Crystal power accessory 
(CPA) 


Part 
On-Chip 
Program 
Memory 
On-Chip 
Data Memory 


8031 
None 
128 bytes 


80C31 
None 
128 bytes 


8032 
None 
256 bytes 


8051 
4 KB-ROM 
128 bytes 


80C51 
4 KB-ROM 
128 bytes 


8052 
8 KB-ROM 
256 bytes 


80C252 
None 
256 bytes 


83C252 
8 KB-ROM 
256 bytes 
8751 
4 KB-EPROM 
128 bytes 


87C51 
4 KB-EPROM 
128 bytes 


8752 
8 KB-EPROM 
256 bytes 


87C252 
8 KB-EPROM 
256 bytes 
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• 40-pin DIP target adaptor 


• Clips assembly 
• Software (includes the ICE-5100/252 emulator 


software, diagnostic software, and tutorial) 


The controller pod contains 64 KB of emulation 
memory, 254- by 24-bit frames of trace memory, and 
the control processor. In addition, the controller pod 
houses a BNC connector that can be used to con- 
nect up to 10 multi-ICE compatible emulators to- 
gether for synchronous starting and stopping of em· 
ulation. 


The serial cable connects the host system to the 
controller pod. The serial cable supports a subset of 
the RS-232C signals. 


The user probe assembly consists of a user cable 
and a processor module. The processor module 
houses the emulation processor and the interface 
logic. The target adaptor connects to the processor 
module and provides an electrical and mechanical 
interface to the target microcontroller socket. 


The crystal power accessory (CPA) is a small de- 
tachable board that connects to the controller pod 
and enables the ICE·5100/252 emulator to run in 


stand-alone mode. The target adaptor plugs into the 
socket on the CPA; the CPA then supplies clock and 
power to the user probe. 


The clips assembly enables the user to trace exter- 
nal events. Eight bits of data are gathered on the 
rising edge of PSEN during opcode fetches. The 
clips information can be displayed using the CLIPS 
option with the PRINT command. Trace qualification 
input and output lines are also provided on the clips 
pod for connection to test equipment. 


The ICE-5100/252 emulator software supports mne- 
monics, object file formats, and symbolic references 
generated by Intel's ASM-51 and PLlM·51 program- 
ming languages. Along with the ICE-5100/252 emu- 
lator software is a customer confidence test disk 
with diagnostic routines that check the operation of 
the hardware. 


The on·line tutorial is written in the ICE·5100 com· 
mand language. Thus, the user is able to interact 
with and use the ICE-5100/252 emulator while exe- 
cuting the tutorial. 


A comprehensive set of documentation is included 
with the ICE-5100/252 emulator. 


J,.,.- 
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ICETM-5100/252 
EMULATOR 


FEATURES 


The ICE-5100/252 emulator has been created to as- 
sist a product designer in developing, debugging, 
and testing designs incorporating the MCS@-51fam- 
ily of microcontrollers. The following sections detail 
some of the ICE-5100/252 emulator features. 


The ICE-5100/252 emulator emulates the microcon- 
trollers listed in Table 1. Selecting a processor type 
changes the following characteristics to match the 
microcontroller selected: 


• Internal RAM size 
• Internal ROM size 
• Idle and power down mode enable 
• Special function register symbolic map 


• Memory map 
• Latched or unlatched EA 
• Serial port framing and error detection 


Emulation is the controlled execution of the user's 
software in the target hardware or in an artificial 
hardware environment that duplicates the microcon- 
troller of the target system. Emulation is a transpar- 
ent process that happens in real-time. The execution 
of the user software is facilitated with the ICE-5100/ 
252 command language. 


Memory Mapping 


There is 64 KB of memory that can be mapped to 
the CODE memory space in 4 KB blocks on 4 KB 
boundaries. By mapping memory to the ICE-5100/ 
252 emulator, software development can proceed 
before the user hardware is available. 


Memory Examination 
and Modification 


The memory space for the MCS@-51component(s) 
and its target hardware is fully accessible through 
the emulator. The ICE-5100/252 emulator refers to 
four physically distinct memory spaces, as follows: 
• CODE - 
references program memory 


• IDATA - 
references internal data memory 


• RDATA - 
references special function register 
memory 


• XDATA - 
references external data memory 


ICE-5100/252 
emulator 
commands 
that 
access 


memory use one of the special prefixes (e.g., CODE) 
to specify the memory space. 


The microcontroller's special function registers and 
register bits can be accessed mnemonically (e.g., 
DPL, TCON, CY) with the ICE-5100/252 emulator 
software. 


Data can be displayed or modified in one of three 
bases: hexadecimal, decimal, and binary. Data can 
also be displayed or modified in one of two formats: 
ASCII and unsigned integer. Program code can be 
disassembled and displayed as ASM-51 assem- 
bler mnemonics. Code can be modified with stan- 
dard ASM-51 statements using the built-in single- 
line assembler. 


Symbolic references can be·usedto specify memory 
locations. A symbolic reference is a procedure 
name, line number, program variable, or label in the 
user program that corresponds to a location. 


Some typical symbolic functions include: 
• Changing or inspecting the value of a program 


variable by using the symbolic name to access 
the memory location. 


• Defining break and trace events using symbolic 


references. 


• Referencing variables as primitive data types. 


The primitive data types are ADDRESS, BIT, 
BOOLEAN, 
BYTE, 
CHAR 
(character), 
and 


WORD. 


The ICE-5100/252 emulator maintains a virtual sym- 
bol table (VST) for program symbols. A maximum of 
61 KB of host memory space is available for the 
VST. If the VST is larger than 61 KB, the excess is 
stored on available host system disk space and is 
paged in and out as needed. The size of the VST is 
limited only by the disk capacity of the host system. 


Breakpoint 
Specifications 


Breakpoints are used to halt a user program in order 
to examine the effect of the program's execution on 
the target system. The ICE-5100/252 emulator sup- 
ports three different types of break specifications: 


• Specific address break - 
A single address can 


be specified to halt emulation. 
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• Range break - 
An arbitrary range of addresses 


can be specified to halt emulation. Program exe- 
cution within or, optionally, outside the range 
halts emulation. 
• Page break - 
Up to 256 page breaks can be 


specified. A page break is defined as a range of 
addresses that is 256-bytes long and begins on a 
256-byte address boundary. 


Break registers are user-defined debug definitions 
used to create and store breakpoint definitions. 
Break registers can contain multiple breakpoint defi- 
nitions and can optionally call debug procedures 
when emulation halts. 


Tracing can be triggered using specifications similar 
to those used for breaking. Normally, the ICE-5100/ 
252 emulator traces program activity while the user 
program is executing. With a trace specification, 
tracing can be triggered to occur only when specific 
conditions are met during execution. Up to 254 
24-bit frames of trace information are collected in 
the buffer during emulation. Sixteen of the 24 bits 
trace instruction execution addresses, and 8 bits 
capture external events (CLIPS). 


The trace buffer display is similar to an ASM-51 pro- 
gram listing shown in Figure 2. The PRINT command 
enables the user to selectively display the contents 
of the trace buffer. The user has the option of dis- 
playing the clips information as well as disassem- 
bled instructions. 


Debugging procedures (PROCs) are a user-named 
group of ICE-5100/252 emulator commands that are 
executed as one command. PROCs enable the user 
to define several commands in a named block struc- 
ture. The commands are executed by entering the 
name of the PROC. The PROC bodies are a simple 
DO...END construct. 


PROCs can simulate missing hardware or software, 
collect debug information, and execute high-level 
software patches. PROCs can be copied to text files 
on disk, then recalled for use in later test sessions. 
PROCs can also serve as program diagnostics, im- 
plementing ICE-5100/252 emulator commands or 
user-defined 
definitions 
for 
special 
purposes. 


PROCs can also be used to set breakpoints. 


On-Line Syntax Menu 


A special menu, called the Integrated Command Di- 
rectory (ICD), similar to the one used for the 121CETM 
system and the VLSiCE-96 emulator, aids in creating 
syntactically correct command lines. Figure 3 shows 
an example of the ICD and how it changes to reflect 
the options available for the GO command. 


Help 


The HELP command provides ICE-5100/252 emula- 
tion command assistance via the host system termi- 
nal. On-line HELP is available for the ICE-5100/252 
emulator commands shown in Figure 4. 


ADDRESS 
300A 
300C 
300E 
3010 


1* 
Print 
newest 
four 
instructions 
in 
buffer 
*1 
CODE 
INSTRUCTION 
C02A 
PUSH 
2AH 
2532 
ADD 
A,32H 
F52A 
MOV 
2AH,A 
B53210 
CJNE 
A,32H,$+10H 


FRAME 
(028) 
(030) 
(032) 
(034) 
hlt> 
hlt>PRINT 
CLIPS 
OLDEST 2 
1* Buffer 
display 
showing 
clips 
*1 
FRAME 
ADDRESS 
CODE 
INSTRUCTION 
CLIPS 
(76543210) 
(000) 
300A 
C02A 
PUSH 
2AH 
01110011 
(001) 
300C 
2532 
ADD 
A,32H 
11110101 
hI t> 


inter 


Design Considerations 


The height of the processor module and the target 
adaptor need to be considered for target systems. 


Allow at least 1-% inches (3.8 cm) of space to fit the 
processor module and target adaptor. Figure 5 
shows the dimensions of the processor module. 


lhIt> 
GO fROM 
<expr> 


hit> 
GO fROM lo3H 
<operator> 
ARM fOREVER 
TIL 
USING 
TRACE 
<execute> 
lhIt> 
GO fROM 13H USING 


BRKREG <brkreg 
name> 
lhit> 
GO fROM 13H USING br1 


; 
TRACE 
; 
<execute> 
l 


hit> 
GO 
fROM 
13H 
USING 
brl 
TRACE 
traceit 


.; 
< execute> 


ADDRESS 
BRKREG 
CONSTRUCTS 
DCI 
DYNASCOPE 
GO 
KEYS 
LSTEP 
MTYPE 
PROC 
REPEAT 
SYNCSTART 
VERSION 
hI t> 


APPEND 
BYTE 
COUNT 
DEBUG 
EDIT 
HELP 
LABEL 
MAP 
NAMESCOPE 
PSEUDO_VAR 
RESET 
TEMPCHECK 
WAIT 


ASM 
CHAR 
CPU 
DEFINE 
ERROR 
IF 
LINES 
MENU 
OPERATOR 
PUT 
RETURN 
TRCREG 
WORD 


BASE 
CI 
CURHOME 
DIR 
EVAL 
INCLUDE 
LIST 
MODIFY 
PAGING 
REFERENCE 
SAVE 
TYPES 
WRITE 


BIT 
CNTLC 
CURX 
DISPLAY 
EXIT 
INVOCATION 
LITERALLY 
MODULE 
PARTITION 
REGS 
STRING 
VARIABLE 


BOOLEAN 
COMMENTS 
CURY 
DO 
EXPRESSION 
ISTEP 
LOAD 
MSPACE 
PRINT 
REMOVE 
SYMBOLIC 
VERIFY 


PROCESSOR 
MODULE 
"£w9;r,,·~ 


TARGET 
~ 
ADAPTOR 


The emulation 
processor's 
user-pin 
timings 
and loadings 
are identical 
to the 80C252 
component 
except 
as 
follows. 


Maximum 
Operating 
ICC (ma)' 
Maximum 
Idle ICC (ma)' 


Vcc 
4V 
5V 
6V 
4V 
5V 
6V 


Frequency 


0.5 MHz 
0.87 
1.62 
3.0 
0.58 
1.21 
2.5 


3.5 MHz 
4.8 
6.82 
9.76 
2.2 
4.97 
6.33 


8.0 MHz 
10.5 
15.0 
20.5 
6.0 
8.98 
11.76 


12.0 MHz 
15.2 
22.2 
30.2 
9.2 
13.34 
17.46 


16.0 MHz 
19.4 
28.6 
38.7 
11.8 
17.4 
23.4 


• ICC is measured 
with all output 
pins disconnected. 


XTAL1 
driven with TCLCH, 
TCHCL = 1Ons,Vil = Vss + .5V, Vih = Vcc-.5V. 
XTAL2 
not connected. 
For maximum 
operating 
ICC 
EA = RST = PortO = Vcc. 
For maximum 
idle ICC 


• EA = PortO = Vcc. RST = Vcc, internal 
clock 
to PCA gated 
off. 


• 
Up to 25 pf of additional 
pin capacitance 
is con- 


tributed 
by 
the 
processor 
module 
and 
target 


adaptor 
assemblies. 


• 
Pin 31, EA, has approximately 
32 pf of additional 


capacitance 
loading due to sensing 
circuitry. 


• 
Pins 18 and 19, XTAL 1 and XT AL2, respectively, 
have approximately 
15 to 16 pf of additional 
ca- 


pacitance 
when configured 
for crystal 
operation. 


--- 
Chip Function 
HMOS Component 
8031 
CHMOS Component 
80C31 


RST trigger threshold 
2.5V 
70% Vcc (3.5V 
@ Vcc = 5V) 
RST input impedance 
4K - 
10K ohms 
50K - 
150K ohms 


Port Iii 
-800/LA 
-50/LA 


Clock threshold 
2.5V 
70% Vcc (3.5V 
@ Vcc = 5V) 


Emulating HMOS Components 


The ICE·5100/252 
emulator 
is based on a CHMOS 


emulation 
processor. 
There 
are 
minor 
differences 


between 
how the ICE-5100/252 
emulator 
supports 


CHMOS 
and HMOS designs 
as shown 
in Table 2. 


Refer to the Microcontroller 
Handbook, 
order 
num- 
ber 210918, 
for further 
information 
on CHMOS 
and 


HMOS design considerations. 


HOST REQUIREMENTS 


• 
IBM 
PC AT or PC XT (or PC-DOS 
compatible) 


with 512 KB of RAM and a hard disk running 
un- 


der the DOS 3.0 (or later) operating 
system. 


• 
Intellec Series III/IV Microcomputer 
Development 


System 
running under the ISIS or iNDX operating 


system respectively, 
with at least 512 KB of appli- 


cation 
memory 
resident. 


Disk drives - 
Dual floppy 
or one hard disk and 


one floppy 
drive required. 


ICETM·5100/252 
SYSTEM 
SOFTWARE 


PACKAGE 


• 
ICE-51 00/252 
emulator 
software 


• 
ICE-51 00/252 
confidence 
tests 


• 
ICE-51 00/252 
tutorial 
software 


Memory 


Mappable 
full- 
speed emulation 
code memory 


64 KB 
Mappable 
to user or 


ICE-51 00/252 
emulator 
memory in 


4 KB blocks on 
4 KB boundaries. 


Virtual Symbol 
Table 
A maximum 
of 61 


KB of host memory 
space 
is available 


for the Virtual Sym- 
bol 
Table 
(VST). 


The 
rest 
of 
the 


VST 
resides 
on 


disk 
and 
is paged 


in and out as need- 
ed. 


Width 
Height 
Depth 
Weight 


8%" (21 cm) 
1%" 
(3.8 cm) 
13%" 
(34.3 cm) 
4 Ibs 
(1.85 kg) 


Width 
Length 
Height 


313/16" 
(9.7 cm) 
1%" 
(3.8cm) 
1%" 
(3.8cm) 


inter 


Width 
Height 
Depth 
Weight 


7%"(18.1 
em) 


4" 
(10.06 em) 


11" 
(27.97 em) 


151bs 
(6.1 kg) 


Power Supply 


100 - 120V or 200 - 240V (selectable) 
50 - 60 Hz 
2 amps (AC max) 
@ 120V 
1 amp (AC max) 
@ 240V 


ENVIRONMENTAL 
CHARACTERISTICS 


+ 10° C to + 40°C (50°F to 
104°F) 


Maximum 
of 
85% 
relative 


humidity, 
non-condensing 


Emulator Hardware 
and Software 


Order Code 
Description 


pl252KITAD 
This kit contains: 
ICE-5100/252 
user 


probe 
assembly, 
power 
supply 
and 


cables, 
serial 
cables, 
target 
adaptor, 
CPA, 
ICE-5100 
controller 
pod, 
soft- 


ware, and documentation 
for use with 


an IBM PC AT or PC XT. The kit also 
includes 
the 8051 Software 
Develop- 


ment Package 
and the AEDIT text ed- 
itor 
for 
use 
on 
DOS 
systems. 
[Re- 


quires software 
license.] 


pl252KITD 
This 
kit 
is 
the 
same 
as 
the 


pl252KITAD 
kit 
excluding 
the 
8051 


Software 
Development 
Package 
and 


the AEDIT text editor. 
[Requires 
soft- 


ware license.] 


This 
kit 
contains 
the 
ICE-5100/252 


user 
probe 
assembly, 
power 
supply 


and 
cables, 
serial 
cables, 
target 


adaptor, 
CPA, 
ICE-5100 
controller 


pod, software, 
and documentation 
for 


use with 
Intel 
hosts 
(Series 
III, IV). 


The 
kit also 
includes 
the 8051 
Soft- 


ware 
Development 
Package 
and the 


AEDIT 
text 
editor 
for 
use on Series 


III/IV. 
[Requires 
software 
license.] 


This 
kit 
is 
the 
same 
as 
the 


pl252KITAS 
kit 
excluding 
the 
8051 


Software 
Development 
Package 
and 


the AEDIT text editor. 
[Requires 
soft- 


ware license.] 


Software 
Only 
Order Code 
Description 


pSA252D 
This kit contains 
the host, 
probe, 
di- 


agnostic 
and 
tutorial 
software 
on 


5%" 
disks for use on an IBM PC AT 


or PC XT (requires 
DOS 3.0 or later). 


[Requires 
software 
license.] 


pSA252S 
This kit contains 
the host, 
probe, 
di- 


agnostic 
and tutorial 
software 
on 8" 


disks (both single-density 
and double- 


density) for use on a Series III, and on 
5%" 
disks 
for 
use 
on 
a Series 
IV. 


[Requires 
software 
license.] 


Other Useful Intel Debug and 
Development 
Support Products 


Order Code 
Description 


pD86ASM51 
8051 
Software 
Development 
Pack- 


age (DOS version) 
- 
Consists 
of the 


ASM-51 
macro 
assembler 
which 


gives symbolic 
access 
to 8051 
hard- 


ware features; 
the RL51 linker and re- 


locator 
program 
that 
links 
modules 


generated 
by 
ASM-51; 
CONV51 


which 
enables 
software 
written 
for 


the MCS-48 family to be up-graded 
to 


run on the 
8051, 
and 
the 
L1B51 li- 


brarian 
which 
programmers 
can 
use 


to 
create 
and 
maintain 
libraries 
of 


software 
object 
modules. 
Use 
with 


the 
DOS 
operating 
system 
(version 


3.0 or later). 


inter 


pD86PLM51 
PL/M-51 
Software 
Package 
(DOS 


version) - 
Consists 
of the PL/M-51 


compiler 
which 
provides 
high-level 


programming 
language 
support; 
the 


L1B51 utility that 
creates 
and 
main- 


tains libraries of software object mod- 
ules, and the RL51 linker and reloca- 
tor program that links modules gener- 
ated by ASM-51 and PLlM-51 
and lo- 


cates 
the 
linked 
object 
modules 
to 


absolute 
memory 
locations. 
Use the 


DOS operating system (version 3.0 or 
later). 


pl86ASM51 
8051 
Software 
Development 
Pack- 


age 
(ISIS version) 
- 
Same 
as the 


pD86ASM51 package except this one 
is for use with the Series III. 


pl86PLM51 
PL/M-51 
Software 
Package - 
Same 


as the pD86PLM51 
package 
except 


this one is for use with the Series III 
and Series IV. 


pD86EDIEU 
AEDIT 
text 
editor 
for 
use with 
the 


DOS operating system. 


8 
8031AH,5-2 
8032AH,5-2 
8051, 5-2 
8051AH,5-2 
8052AH,5-2 
8052AH-BASIC, 5-2 
80C3IBH,5-2 
80C5IBH, 5-2, 6-28 
80C51FA, 5-2, 7-1 
83C51FA, 5-2, 7-1 
80CI52,5-3 
83CI52, 5-3 
8751H, 5-2, 6-25, 6-26 
8752BH, 5-2, 6-26 
87C51, 5-2, 6-26, 6-27 
87C51FA, 5-2, 7-1 


AAC (Auxiliary Carry) Flag, 6-3, 9-10 
ACALL, 5-13, 9-24 
Accumulator, 6-2 
ADD, 9-25, 9-35 
ADDC, 9-26, 9-35 
ADDRESS/DATA 
Bus, 6-4, 6-5 


Addressing 
Broadcast, 7-8 
Given, 7-8 
AJMP, 5-13, 9-28 
ALE, 5-16, 6-6, 6-30 
ANL, 5-12, 6-6, 9-28 
Arithmetic Instructions, 5-7 
ASM51,5-6 
Automatic Address Recognition, 7-8 


B 
B Register, 6-2 
Baud Rate, 6-12, 6-13, 6-14, 6-17 
BCD, 5-8, 5-10 
Bit Addressable, 9-5 
Boolean Instructions, 5-11, 5-12 
Bus Cycle 
Data Memory, 5-16 
Program Memory, 5-16 
Byte Addressable, 9-7 


cC (Carry) Flag, 5-6, 5-12, 6-3, 9-10 
Capture Mode, 7-4 
Capture Registers, 6-2 
Case Jump, 5-7, 5-13 
Ceramic Resonator, 5-14, 6-28 
CJNE, 5-14,9-31 
CLR, 5-12, 6-6, 9-33 
Compare Mode, 7-6 
Control Registers, 6-2 


CPL, 5-12, 6-6, 9-34 
CPU Timing, 5-14 
Crystal, 5-14, 6-27, 6-28 


o 
DA A, 5-8, 9-35 
Data Memory, 5-4, 5-5, 5-11, 6-6, 6-30, 9-3 


Read Cycle, 6-31 
Write Cycle, 6-31 
Data Pointer, 6-2 
Data Transfers, 5-9 
DEC, 6-6, 9-37 
Direct Addressing, 5-7, 9-3, 9-5 
DIV AB, 5-8, 6-22, 9-38 
DJNZ, 5-14, 6-6, 9-39 


EEA (External Access), 5-4, 6-6, 6-21, 6-26, 6-30 
Encryption Array, 6-26 
EPROM Programming, 6-26, 6-30 
EPROM Verifying, 6-26 
Execution Times, 5-7 
External Clock, 6-28, 6-29 
External Program Execution, 5-4 


F 
FetchlExecution 
Sequence, 5-15 


Framing Error Detection, 7-8 


H 
High Speed Output, 7-4, 7-7 


I 
I/O Buffers, 6-3, 6-4 
Idle Mode, 5-2, 6-24, 6-25, 7-9, 9-10 
IE (Interrupt Enable), 5-17, 6-2, 6-20, 7-13, 9-11 
Immediate Constants, 5-7 
INC, 6-6, 9-40 
Indexed Addressing, 5-7 
Indirect Addressing, 5-7, 9-3, 9-5 
Instruction Set, 5-6, 9-20 
Interrupt Response Time, 6-21, 6-22 
Interrupts, 5-4, 5-17, 6-20, 7-11, 9-11 


External, 6-22, 9-11 
IP (Interrupt Priority), 5-17, 6-2, 6-21, 7-13, 9-12 


J 
JB, 5-12, 9-42 
JBC, 5-12, 6-6, 9-42 
JC, 5-12, 9-43 
JMP, 5-13, 9-44 


JNZ, 9-46 
Jump Instructions, 5-13 
JZ,9-46 


L 
LCALL, 5-13, 9-47 
LJMP, 5-13, 9-47 
Lock Bits, 6-26 
Logical Instructions, 5-9 
Lookup Tables, 5-7, 5-11 


M 
Machine Cycle, 5-15 
MOV, 5-12, 6-6, 9-48 
16-Bit, 5-10 
MOVC, 5-11, 9-53 
MOVX, 5-11, 5-16, 9-54 
MUL AB, 5-7, 6-22, 9-56 
Multiprocessor Communication, 6-11 


N 
Ninth Data Bit, 6-11, 6-17 
NOP, 9-56 


o 
ONCE (On-Circuit Emulation) Mode, 6-27 
ORL, 5-12, 6-6, 9-57 
Oscillator, 5-14, 6-23, 6-27 
External, 5-15 
Oscillator Frequency, 6-12 
OV (Overflow) Flag, 6-3, 9-10 


p 
P 
(P~rihi\ 
'PI-::aa 
.c:;;_7.h_1.. 
Q 
1f'1 
PCA Timer/Counter, 
7-1, 7-5 
PCON, 6-2, 6-12, 6-24, 9-10, 9-19 
Polling Sequence, 5-17 
POP, 5-9, 9-60 . 
Port Bit Latch, 6-3, 6-4 
Ports, 6-2, 6-3, 6-29 
Power Down Mode, 5-2, 6-24, 6-25, 7-9, 9-10 
Power Off Flag, 7-9 
PROG,6-30 
Program Memory, 5-3, 5-4, 6-6, 6-26, 9-2 
Program Memory Locks, 6-26 
Programmable Counter Array (PCA), 7-1 
PSEN, 5-4, 5-16, 6-6, 6-30 
PSW (Program Status Word), 5-6, 6-2, 9-10 
Pulse Width Modulator (PWM), 7-4, 7-7 
PUSH, 5-9, 9-60 


Q 
Quick-Pulse Programming Algorithm, 6-26 


Register Instructions, 5-7 
Register-Specific Instructions, 5-7 
Relative Offset, 5-12 
Reset, 6-23, 6-30, 9-8 
Power-On, 6-24 
RET, 5-13, 6-22, 9-61 
RETI, 5-13, 6-21, 6-22, 9-61 
RI (Receive Interrupt) Flag, 6-12, 6-14, 6-17, 6-20, 9-18 
RL,9-62 
RLC, 9-62 
RR,9-63 
RRC, 9-63 


S 
SBUF, 6-2, 6-10, 6-14 
SCON, 6-2, 6-11, 6-14, 6-17, 9-18 
Serial Port, 6-10, 6-15, 7-8, 9-10, 9-12, 9-16, 9-18, 9-19 
SET, 6-6 
SETB, 5-12, 9-64 
SFRs, 5-6, 6-1, 6-2, 6-4, 7-15, 9-4, 9-5, 9-7 
SJMP, 5-13, 9-65 
Software Timer, 7-4, 7-6 
Stack Pointer, 6-2, 9-5 
Start Bit, 6-11, 6-14, 6-17 
State Time, 5-15 
Status Flags, 5-7 
Stop Bit, 6-11, 6-14, 6-17 
SUBB,9-66 
SWAP A, 5-9, 9-67 


T 
T2CON, 6-2, 6-9, 6-10, 6-13, 9-16, 9-17 
TCON, 6-2, 6-7, 6-8, 6-22, 9-11, 9-13 
Third Priority Level, 5-18 
TT (Tran<m;t 
Tnt"rmnt) 
Fl." 
h_l,) 
h_ld. 
h_17, 
>;_"", 


9-18 
Timer/Counters, 
6-2, 6-6, 9-13 
Up/Down, 7-9 
TMOD, 6-2, 6-7, 9-13, 9-14, 9-17 


v 
Vpp, 6-26, 6-30 


W 
Watch Dog Timer, 7-3, 7-8 
WR Signal, 5-4, 6-6 


X 
XCH, 5-10, 9-68 
XCHD, 5-10, 9-69 
XRL, 5-12, 6-6, 9-69 
XTALl, 
5-14, 5-15, 6-28, 6-29, 6-30 
XTAL2, 5-14, 5-15, 6-28, 6-29, 6-30 


A 
A, 8-4, 8-6 
Abort, 8-29, 8-30 
Acknowledgement, 8-15, 8-16, 8-24, 8-25, 8-30 
Acquisition Time, 8-21 
Address, 8-18, 8-25, 8-30, 8-35 
Address Assignment, 8-34, 8-35 
Address Length 
see AL 
Address Mask Registers 
see AMSKn 
Address Match Registers 
see ADRn 
Address Negotiation, ~-34 
Address Recognition, 8-15, 8-16, 8-18 
ADRO, 8-3, 8-4, 8-6, 8-41 
ADRI, 
8-3, 8-4, 8-6, 8-41 
ADR2, 8-3, 8-4, 8-6, 8-41 
ADR3, 8-3, 8-4, 8-6, 8-41 
AE, 8-3, 8-9, 8-43 
AL, 8-3, 8-18, 8-41 
ALE, 8-13, 8-49 
ALE Switch, 8-49 
Alignment Error 
see AE 
Alternate Backoff, 8-15, 8-16, 8-19, 8-21, 8-22, 8-23, 
8-40 
Alternate Cycle Mode, 8-46, 8-52 
AMSKO, 8-3, 8-4, 8-6, 8-41 
AMSKl, 8-3, 8-4, 8-6, 8-41 
ARB, 8-49, 8-52 
Arbiter 
see ARB 
Arbiter Mode, 8-47, 8-48, 8-49 


B 
B, 8-4, 8-6 
Backoff Algorithm, 8-19, 8-20, 8-39, 8-40 
Backoff Mode 
see MO, Ml 
Backoff Timer 
see BKOFF 
Back-to-Back Frames, 8-42 
Balanced, 8-30 
Baud, 8-3, 8-4, 8-6, 8-20, 8-41 
Baud Rate, 8-17, 8-34 
Baud Rate Generator 
see Baud 
BCRHO, 8-3, 8-4, 8-6, 8-45, 8-46 
BCRHl, 8-3, 8-4, 8-6, 8-45, 8-46 
BCRLO, 8-3, 8-4, 8-6, 8-45, 8-46 
BCRLl, 8-3, 8-4, 8-6, 8-45, 8-46 
Beginning of Frame Flag 
see BOF 


Bit Addressable Memory, 8-6 
Bit Addresses, 8-7 
Bit Addresses (Symbolic), 8-8 
Bit Rate, 8-17 
Bit Stripping, 8-25, 8-29, 8-37 
Bit Stuffing, 8-25, 8-29, 8-35, 8-37 
Bit Time, 8-21 
BKOFF, 8-3, 8-4, 8-6, 8-41 
Block Diagram, 8-2 
BOF, 8-17, 8-18, 8-20, 8-25, 8-37, 8-39 
Broadcast Address, 8-18, 8-25 
Burst Mode, 8-46, 8-51, 8-52 
Byte Count, 8-33 


C 
Clock Recovery, 8-17, 8-37, 8-38 
Collision, 8-17, 8-20, 8-39 
Collision Fragment, 8-21 
Collision Resolution, 8-15, 8-16, 8-19, 8-21 
Command, 8-26 
Control Field, 8-25, 8-26, 8-28, 8-30 
CRC, 8-3, 8-15, 8-16, 8-18, 8-21, 8-24, 8-25, 8-28, 8-32, 


8-35, 8-37, 8-44 
CRC Error 
see CRCE 
CRC Generating Polynomial, 8-18, 8-28 
CRC Jam, 8-15, 8-16 
CRC Remainder, 8-18, 8-28 
CRC Type 


see CT 
CRCE, 8-3, 8-9, 8-43 
Crystal Selection, 8-17 
CSMA/CD, 
8-14, 8-15, 8-16, 8-17, 8-34, 8-35, 8-37, 


8-40 
CSMA/CD Frame 


see Frame Format 
CT, 8-3, 8-41 
Cyclic Redundancy Check 
see CRC 


D 
DARHO, 8-3, 8-4, 8-6, 8-45 
DARHI, 
8-3, 8-4, 8-6, 8-45 
DARLO, 8-3, 8-4, 8-6, 8-45 
DARLl, 
8-3, 8-4, 8-6, 8-45 
DAS, 8-3, 8-45, 8-52 
Data Encoding, 8-15, 8-16, 8-29, 8-34 
Data Memory, 8-5 
DC Jam, 8-15, 8-16, 8-21 
DC Jam (Bit) 


see DCJ 
DCJ, 8-3, 8-21, 8-42 
DCONO, 8-3, 8-4, 8-6, 8-33, 8-45, 8-46, 8-52 
DCONl, 
8-3, 8-4, 8-6, 8-33, 8-45, 8-46, 8-52 


DCR, 8-3, 8-42 


o (Continuedl 
Deference, 8-!7 
Demand Mode, 8-46, 8-51, 8-52 
Demand Mode (Bit) 
see DM 
DEN, 8-11, 8-13, 8-29, 8-35, 8-44 
Destination Address Space 
see DAS 
Deterministic Backoff, 8-15, 8-16, 8-17, 8-19, 8-21, 


8-22, 8-23, 8-40, 8-43 
Deterministic Collision Resolution (Bit) 


see DCR 
Direct Memory Access 
see DMA 
DM, 8-3, 8-46, 8-52 
DMA,8-24 
DMA Arbitration, 8-51 
DMA Control Bits, 8-52 
DMA Control Register 
see DCONn 
DMA Cycle, 8-45, 8-46, 8-47, 8-51 
DMA Precedence, 8-51 
DMA Register, 8-45 
DMA Register Access, 8-51 
DMA Select 
see DMA (Bit) 
DMA Serial Demand Mode 
see GSC, Servicing of 
DMA Timing, 8-47 
DMA Transfer, 8-44, 8-45, 8-47, 8-48 
DMA (Bit), 8-9, 8-33, 8-43 
DMAO, 8-44 
DMAl,8-44 
DONE, 8-3, 8-9, 8-33, 8-46, 8-52 
DPH, 8-4, 8-6 
DPL, 8-4, 8-6 
DPTR,8-6 
Duplex 
see Full Duplex 


E 
EA,8-13 
EDMAO, 8-9, 8-10 
EDMAI, 
8-9, 8-10 
EGSRE, 8-9, 8-10, 8-20, 8-33 
EGSRV, 8-9, 8-10, 8-33 
EGSTE, 8-9, 8-10, 8-20, 8-33 
EGSTV, 8-9, 8-10, 8-33 
End of Frame Flag 
see EOF 
Ending Reception, 8-40 
Ending Transmission, 8-40 
EOF, 8-17, 8-18, 8-25, 8-29, 8-40 
Error Reporting, 8-25 
ES,8-10 


ETO, 8·10 
ETl,8-1O 
EXO, 8-10 
EXl, 8-10 
Extended Address, 8-18 
External Clocking of GSC, 8-15, 8-16, 8-17, 8-37 
External Demand Mode, 8-46 
External Driver, 8-35 
External Transmit Clock 
see XTCLK 


F 
FIFO Pointer, 8-43 
Flags, 8-15, 8-16, 8-35 
Frame Format, 8-17, 8-25 
Full Duplex, 8-15, 8·16, 8-24, 8-30, 8-32, 8-34, 8-37 


G 
Garen, 8-42 
GFO, 8-1, 8-5 
GFl, 8-1, 8-5 
GFIEN, 8-1, 8-5, 8-42 
Global Serial Channel 
see GSC 
Glossary, 8-52 
GMOD, 8·3, 8-4, 8-6, 8-41 
GO, 8-3, 8-46, 8-52 
GREN, 8-3, 8-24, 8-39, 8-40, 8-43 
Group Address 
see Multicast Address 
GRXD,8-13 
GSC, 8-14, 8-46 
GSC 
Servicing of (CPU), 8-32, 8-39 
Servicing of (DMA), 8-15, 8-16, 8-32, 8-33, 8-39 
Servicing of (GSC), 8-15, 8-16 
GSC Auxiliary Receiver Enable 
see GAREN 
GSC External Receive Clock Enable 


see XRCLK 
GSC Idle Flag Enable 
see GFIEN 
GSC Mode 
see GMOD 
GSC Operation, 8-37 
GSC Receive Enable 
see GREN 
GSC Register Descriptions, 8-41 
GSC Sampling Rate, 8-20, 8-37 
GSC Transmit FIFO 
see TFIFO 
GTXD,8-13 


H 
HABEN, 
8-3, 8-24, 8-39, 8-43 


Half Duplex, 
8-15, 8-16, 8-24, 8-30, 8-32, 8-34, 8-37 


Hardware 
Based Acknowledge 
Enable 


see HABEN 
Hardware 
Based Acknowledgement 


see HBA 
HBA, 
8-15, 8-16, 8-24, 8-30 


HDLC, 
8-30, 8-37 
HLDA, 
8-13, 8-44, 8-47, 8-48, 8-49, 8-52 


HOLD, 
8-13, 8-44, 8-47, 8-48, 8-49, 8-52 


Hold 
Acknowledge 
see HLDA 
Hold 
Request 
see HOLD 


I 
IDA, 
8-3, 8-45, 8-52 
Idle, 8-14, 8-40 
Idle Fill Flags, 
8-42 
Idle (GSC), 
8-30 
IE, 8-4, 8-6, 8-10 
IENl, 
8-3, 8-4, 8-6, 8-9, 8-10 


IFS, 8-3, 8-4, 8-6, 8-19, 8-29, 8-41, 8-42 
Increment 
Destinat'ion 
Address 


see IDA 
Increment 
Source 
Address 
see ISA 
Information 
Field, 
8-18, 8-25, 8-28 


Information 
Frame, 
8-25, 8-26 


Initialization 
(GSC), 
8-34, 8-35 


INTO, 8-13, 8-46 
INT!, 
8-13, 8-46 
Interframe 
Space, 
8-17, 8-19, 8-22, 8-24, 8-32, 8-40 


Interframe 
Space (Register) 
see IFS 
Internal 
Clocking 
of GSC, 
8-15, 8-16 


Interrupt 
Structure, 
8.-9 
IP, 8-4, 8-6, 8-10 
IPNl, 
8-3, 8-4, 8-6, 8-9, 8-10 


ISA, 8-45, 8-52 


J 
Jam, 
8-15, 8-16, 8-17, 8-21, 8-22, 8-40 


Jam Time, 
8-21 
Jitter, 
8-35, 8-36 


L 
Line Discipline, 
8-30, 8-34, 8-37 


Line Idle 
see LNI 
LNI, 
8-5, 8-30, 8-44 
Local 
Serial Channel 
see LSC 
Loop 
Configuration, 
8-30 
Loopback, 
8-35 
LSC, 8-14, 8-46 


M 
MO, 8-3, 8-35, 8-40, 8-41 
MI, 
8-3, 8-35, 8-40, 8-41 
Manchester, 
8-15, 8-16, 8-17, 8-20, 8-24, 8-35, 8-37 


Master 
Station 
see Primary 
Station 
Memory 
Space, 
8-1 
Misalignment, 
8-24 
Mode, 
8-26 
Modulo, 
8, 8-30 
Modulo, 
128, 8-30 
Monitoring 
Link, 
8-40 
MOVX, 
8-49 
Multi-Drop 
Configuration, 
8-30, 8-31 


Myslot, 
8-3, 8-4, 8-6, 8-22, 8-42 


N 
Network 
Changes, 
8-32 


Network 
Expansion, 
8-32 
No Acknowledgement 


see NOACK 
NOACK, 
8-5, 8-9, 8-24, 8-44 


Nonsequenced 
Frame 
see Unnumbered 
Frame 
Normal 
Backoff, 
8-15, 8-16, 8-19, 8-21, 8-22, 8-23, 8-40 


NRZ, 
8-15, 8-16, 8-17, 8-24, 8-35, 8-37 


NRZI, 
8-15, 8-16, 8-29, 8-35, 8-37 
Number 
of Stations, 
8-40 


o 
Overflow, 
8-24 
Overrun 
see OVR 
OVR, 
8-3, 8-9, 8-43 


PPO 


see PORTO 
PI 
see PORT! 
P2 
see PORT2 
P3 


see PORT3 
P4 


see PORT4 
Package, 
8-11 
PCON, 
8-4, 8-6, 8-42, 8-48, 8-49, 8-52 


PDMAO, 
8-9, 8-10 
PDMAl, 
8-9, 8-10 
PGSRE, 
8-9, 8-10 
PGSRV, 
8-9, 8-10 
PGSTE, 
8-9, 8-10 
PGSTV, 
8-9, 8-10 
Pin Description, 
8-12 


Pin Out (DIP), 
8-11 
Pin Out (PLCC), 
8-12 
PLO, 8-3, 8-41 
PLI, 
8-3, 8-41 


P (Continued) 
Pomt-to-Point Configuration, 8-30, 8-31 
PolllFinal Bit 
see P/F Bit 
PORTO, 8-4, 8-6, 8-12, 8-44 
PORTI, 8-4, 8-6, 8-12 
PORTI, 8-4, 8-6, 8-13, 8-44 
pORn, 
8-4, 8-6, 8-13 
PORT4, 8-3, 8-4, 8-6, 8-ll, 8-13 
Power Down, 8-14 
PR, 8-3, 8-41 
PRBS, 8-3, 8-4, 8-6, 8-22, 8-42 
Preamble, 8-15, 8-16, 8-17, 8-18, 8-24, 8-35, 8-37 
Preamble Length 
see PL 
Primary Station, 8-24, 8-25, 8-30 
Program Memory, 8-8 
Program Verification, 8-12, 8-13 
Promiscuous Address, 8-25 
Protocol (Bit) 
see PR 
PS, 8-10 
PSEN,8-13 
Pseudo Random Binary Sequence 


see PRBS 
PSW, 8-4, 8-6 
PTO,8-1O 
PTl, 8-10 
PXO, 8-10 
PXl, 8-10 
P/F Bit, 8-25, 8-26 


R 
Raw Receive, 8-15, 8-16, 8-17, 8-35 
Raw Transmit, 8-15, 8-16, 8-17, 8-29, 8-35 
RCABT, 8-3, 8-9, 8-20, 8-29, 8-39, 8-40, 8-43 
RD, 8-13, 8-44, 8-47, 8-51 
RON, 8-3, 8-9, 8-33, 8-39, 8-40, 8-43 
Receive Count, 8-30 
Receive FIFO 
see RFIFO 
Receive FIFO Not Ready 
see RFNE 
Receive Status Register 
see RSTAT 
Receiver Collision/ Abort Detect 
see RCABT 
Receiver Done 
see RON 
Reception Sequence, 8-26 
REN, 8-20, 8-40 
REQ, 8-49, 8-52 
Requester Mode, 8-47, 8-48, 8-49 
Requester (Bit) 
see REQ 
Reset, 8-1, 8-10, 8-ll, 8-13, 8-14, 8-19, 8-42 
Resolution Phase, 8-17, 8-21, 8-23 
Response, 8-26 
Retransmission, 8-39 
RFIFO, 8-3, 8-4, 8-6, 8-20, 8-32, 8-33, 8-39, 8·40, 8-43, 
8-46 


RFIFO Time Delay, 8-20 
RFNE, 8-3, 8-9, 8-33, 8-39, 8-43, 8-46 
RI,8-46 
Ring Configuration, 8-30, 8-31 
Round-Trip Propagation, 8-21 
RSTAT, 8-3, 8-4, 8-6, 8-43 
RXC,8-37 
RXD,8-13 


SSARRO, 8-3, 8-4, 8-6, 8-33, 8-45 
SARHl, 8-3, 8-4, 8-6, 8-45 
SARLO, 8-3, 8·4, 8-6, 8-33, 8-45 
SARLI, 8-3, 8-4, 8-6, 8-45 
SAS, 8-3, 8·45, 8-52 
SBUF, 8-4, 8-6, 8-46 
SCON, 8-4, 8-6 
SDLC, 8-14, 8-15, 8-16, 8-24, 8·30, 8-34, 8-35, 8-37, 


8-40 
SDLC Commands, 8-27 
SDLC Frame 
see Frame Format 
Secondary Station, 8-24, 8-25, 8·30 
Sending Sequence, 8-26 
Separation of Busses, 8-50 
Sequence Count, 8-25, 8-30 
Serial Backplane, 8-44 
Serial Port Demand Mode, 8-46 
SFRS 
see Special Function Registers 
Slave Station 
see Secondary Station 
Slot Address, 8-42 
Slot Address Register 
see Myslot 
Slot Assignment, 8-17 
Slot Time, 8-21, 8-22, 8·32, 8-40 
Slot Time (Register) 
see SLOTTM 
SLOTTM, 8-3, 8-4, 8-6, 8-21, 8-43 
Source Address Space 
see SAS 
SP, 8-4, 8-6 
Special Function Registers, 8·3, 8-6 
Supervisory Frame, 8-25, 8-26 


T 
TO, 8-13 
TI,8-13 
TCDCNT, 8-3, 8-4, 8-6, 8-22, 8-39, 8-40, 8-43 
TCDT, 8-5, 8-9, 8-20, 8-39, 8-40, 8-44 
TCON, 8-4, 8-6 
TDN, 8-5, 8-9, 8-24, 8-33, 8-39, 8-40, 8-43, 8-44 
TEN, 8-5, 8-29, 8-39, 8-40, 8-43, 8-44 
Test Modes, 8-35 
TFIFO, 8-4, 8-5, 8-6, 8-29, 8-32, 8-33, 8-39, 8-40, 8-43, 
8-44,8-46 
TFNF, 8-5, 8-9, 8-39, 8-44, 8-46 
THO, 8-4, 8-6 
THI, 8-4, 8-6 


T (Continued) 
n, 8-46 
Timer/Counters, 
8-11 
TLO, 8-4, 8-6 
TLl, 8-4, 8-6 
TM, 8-3, 8-46, 8-52 
TMOD, 8-4, 8-6 
Transfer Mode 
see TM 
Transmission During Resolution, 8-40 
Transmit Collision Detect 
see TCDT 
Transmit Collision Detect Count 


see TCDCNT 
Transmit Done 
see TDN 


Transmit Enable 
see TEN 


Transmit FIFO Not Full 
see TFNF 
Transmit Status Register 
see TSTAT 
Transmit Waveforms, 8-37 
TSTAT, 8-4, 8-5, 8-6, 8-43 
Turn-Around Time, 8-19 
TXC, 8-3, 8-37 
TXD,8-13 


U 
UART 
see LSC 
Unbalanced, 8-30 
Underrun 
see UR 
Unnumbered Frame, 8-25, 8-26, 8-27, 8-28 
Unused SFR Addresses, 8-5 
UR, 8-5, 8-9, 8-43, 8-44 
User Defined Protocols, 8-30 
Using GSC, 8-30 
Using HLDA, 8-49 
Using HOLD, 8-, 8-49 


v 
VCc. 8-12 
VSS,8-12 


W 
WR, 8-13, 8-44, 8-47, 8-51 


X 
XRCLK, 8-1, 8-5, 8-37, 8-42 
XTALl,8-12 
XTAL2,8-12 
XTCLK, 8-37, 8-41 
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THE RUPITM-44 FAMILY: 
MICROCONTROLLER 
WITH ON-CHIP 
COMMUNICATION 
CONTROLLER 


The RUPI-44 family is designed for applications re- 
quiring local intelligence at remote nodes, and commu- 
nication capability among these distributed nodes. The 
RUPI-44 integrates onto a single chip Intel's highest 
performance microcontroller, 
the 805I-core, with an 


intelligent and high performance Serial communication 
controller, called the Serial Interface Unit, or SID. See 
Figure 1. This dual controller architecture allows com- 
plex control and high speed data communication func- 
tions to be realized cost effectively. 


The RUPI-44 family consists of three pin compatible 
parts: 
• 8344-8051 
Microcontroller with SIU 
• 8044-An 
8344 with 4K bytes of on-chip ROM pro- 


gram memory 


• 8744-An 
8344 with 4K bytes of on-chip EPROM 


program memory 


The 8044's dual controller 
architecture 
enables the 


RUPI to perform complex control tasks and high speed 
communication in a distributed network environment. 


The 8044 microcontroller is the 805l-core, and main- 
tains complete software compatibility with it. The mi- 
crocontroller 
contains a powerful CPU with on-chip 


peripherals, making it capable of serving sophisticated 


real-time control applications such as instrumentation, 
industrial control, and intelligent computer peripherals. 
The microcontroller features on-chip peripherals such 
as two l6-bit timer/counters 
and 5 source interrupt ca- 
pability with programmable priority levels. The micro- 
controller's high performance CPU executes most in- 
structions in I microsecond, and can perform an 8 X 8 
multiply in 4 microseconds. The CPU features a Boole- 
an processor that can perform operations on 256 direct- 
ly addressable bits. 192 bytes of on-chip data RAM can 
be extended to 64K bytes externally. 4K bytes of on- 
chip program ROM can be extended to 64K bytes ex- 
ternally. The CPU and SIU run concurrently. See Fig- 
ure 2. 


The SIU is designed to perform serial communications 
with little or no CPU involvement. The SIU supports 
data rates up to 2.4 Mbps, externally clocked, and 
375 Kbps self clocked (i.e., the data clock is recovered 
by an on-chip digital phase locked loop). SIU hardware 
supports the HDLC/SDLC 
protocol: zero bit inser- 


tion/deletion, 
address recognition, cyclic redundancy 


check, and frame number sequence check are automati- 
cally performed. 


The SIU's Auto mode greatly reduces communication 
software overhead. The AUTO 
mode supports 
the 


SDLC Normal Response Mode, by performing second- 
ary station responses in hardware without any CPU 
involvement. The Auto mode's interrupt control and 
frame sequence numbering capability eliminates soft- 
ware overhead normally required in conventional sys- 
tems. By using the Auto mode, the CPU is free to con- 
centrate on real time control of the application. 
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2.1 
HOLC/SOLC 
Advantages 
over 


Async 


The High Level Data Link Control, HDLC, is a stan- 
dard communication link control established by the In- 
ternational Standards Organization (ISO). SDLC is a 
subset of HDLC. 


HDLC and SDLC are both well recognized standard 
serial protocols. The Synchronous Data Link Control, 
SDLC, is an IBM standard communication protocol. 
IBM originally developed SDLC to provide efficient, 
reliable and simple communication between terminals 
and computers. 


The major advantages of SDLC/HDLC 
over Asyn- 


chronous communications protocol (Async): 
• SIMPLE: Data Transparency 


PIIIMAIIY 
, •• 


• EFFICIENT: 
Well Defined Message-Level Opera- 
tion 
• RELIABLE: Frame Check Sequence and Frame 


Numbering 


The SDLC reduces system complexity. HDLC/SDLC 
are "data transparent" 
protocols. Data transparency 


means that an arbitrary data stream can be sent with- 
out concern that some of the data could be mistaken for 
a protocol controller. Data transparency 
relieves the 


communication 
controller 
having 
to detect 
special 


characters. 


SDLC/HDLC 
provides more data throughout 
than 


Async. SDLC/HDLC 
runs at Message-level Operation 


which 
transmits 
multiple 
bytes 
within 
the 
frame, 


whereas Async is based on character-level operation. 
Async transmits or receives a character at a time. Since 
Async requires start and stop bits in every transmis- 
sion, there is a considerable waste of overhead com- 
pared to SDLC/HDLC. 
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Due to SDLC/HDLC's 
well delineated field (see Fig- 


ure 4) the CPU does not have to interpret character by 
character to determine control field and information 
field. In the case of Async, CPU must look at each 
character to interpret what it means. The practical ad- 
vantage of such feature is straight forward use of DMA 
for information transfer. 


In 
addition, 
SDLC/HDLC 
further 
improves 
Data 
throughput 
using implied Acknowledgement of trans- 
ferred information. A station using SDLC/HDLC 
may 
acknowledge 
previously 
received information 
while 


transmitting different information in the same frame. 
In addition, up to 7 messages may be outstanding "be- 
fore an acknowledgement is required. 


The HDLC/SDLC 
protocol can be used to realize reli- 


able data links. Reliable Data transmission is ensured at 
the bit level by sending a frame check sequence, cyclic 
redudancy checking, within the frame. Reliable frame 
transmission is ensured by sending a frame number 
identification with each frame. This means that a re- 
ceiver can sequentially count received frames and at 
any time infer what the number of the next frame to be 
received should be. More important, 
it provides a 
means for the receiver to identify to the sender some 
particular frame that it wishes to have resent because of 
errors. 


In both the HDLC and SDLC line protocols a (Master) 
primary station controls the overall network (data link) 
and issues commands to the secondary (Slave) stations. 
The latter complies with instructions and responds by 
sending appropriate responses. Whenever a transmit- 
ting station 
must end transmission 
prematurely, 
it 
sends an abort character. Upon detecting an abort char- 
acter, a receiving station ignores the transmission block 
called a frame. 


RUPI-44 supported HDLC/SDLC 
network configura- 
tions are point to point (half duplex) multipoint (half 
duplex), and loop. In the loop configuration the sta- 
tions themselves act as repeaters, so that long links can 
be easily realized, see Figure 3. 


An HDLC/SDLC 
frame consists of five basic fields: 


Flag, Address, Control, Data and Error Detection. A 
frame is bounded by flags--{)pening and closing flags. 
An address field is 8 bits wide in SDLC, extendable to 2 
or more bytes in HDLC. The control field is also 8 bits 
wide, extendable to two bytes in HDLC. The SDLC 
data field or information field may be any number of 
bytes. The HDLC data field mayor may not be on an 8 
bit boundary. A powerful error detection code called 
Frame Check Sequence contains the calculated CRC 
(Cycle Redundancy Code) for all the bits between the 
flags. See Figure 4. 


In HDLC and SDLC are three types of frames; an In- 
formation Frame is used to transfer data, a Supervisory 
Frame is used for control purposes, and a Nonse- 
quenced Frame is used for initialization and control of 
the secondary stations. 


For a more detailed discussion of higher level protocol 
functions interested readers may refer to the references 
listed in Section 2.6. 


In data communications, it is desirable to transmit data 
which can be of arbitrary content. Arbitrary data trans- 
mission requires that the data field cannot contain 
characters which are defined to assist the transmission 
protocol (like opening flag in HDLC/SDLC 
communi- 
cations). This property is referred to as "data transpar- 
ency". In HDLC/SDLC, 
this code transparency 
is 


made possible by Zero Bit Insertion (ZBI). 


The flag has a unique bit pattern: 01111110 (7E HEX). 
To eliminate the possibility of the data field containing 
a 7E HEX pattern, a bit stuffing technique called Zero 
Bit Insertion is used. This technique specifies that dur- 
ing transmission, a binary 0 be inserted by the transmit- 
ter after any succession of five contiguous binary I's. 
This will ensure that no pattern of 0 I I I I I I 0 is ever 
transmitted between flags. On the receiving side, after 
receiving the flag, the receiver hardware automatically 
deletes any 0 following five consecutive I's. The 8044 
performs zero bit insertion and deletion automatically. 


01111110 
I BITS 
I BITS 
VARIABLE LENGTH 
1181TS 
01111110 
(ONLY IN I FRAMES) 
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NRZI is a method of clock and data encoding that is 
well suited to the HDLC/SDLC 
protocol. It allows 
HDLC/SDLC 
protocols to be used with low cost asyn- 


chronous modems. NRZI coding is done at the trans- 
mitter to enable clock recovery from the data at the 
receiver terminal by using standard digital phase locked 
loop (DPLL) techniques. NRZI coding specifies that 
the signal condition does not change for transmitting a 
I, while a 0 causes a change of state. NRZI coding 
ensures that an active data line will have a transition at 
least every 5-bit times (recall Zero Bit Insertion), while 
contiguous O's will cause a change of state. Thus, ZBI 
and NRZI encoding makes it possible for the 8044's on- 
chip DPLL to recover a receive clock (from received 
data) synchronized to the received data and at the same 
time ensure data transparency. 


1. IBM Synchronous Data Link Control General Infor- 


mation GA27-3093-2 File No. GENL-09. 
2. Standard Network Access Protocol Specification, DA- 


TAPAC Trans-Canada Telephone System CCG111. 
3. IBM 3650 Retail Store System Loop Interface OEM 


Information, IBM, GA27-3098-0. 


4. Guidebook to Data Communications, Training Man- 


ual, Hewlett-Packard 5955·1715. 
5. "Serial Backplane 
Suits 
Multiprocessor Architec- 


tures': Mike Webb, Computer Design, July 1984, pp. 
85-96. 
6. "Serial Bus Simplifies Distributed 
Control': 
RD. 
MacWilliams, 
Control Engineering, June 1984, pp. 
101-104. 


.7. "Chips Support Two Local Area Networks': 
Bob 


Dahlberg, Computer Design, May 1984, pp. 107-114. 
8. "Build a VLSI-based Workstation for the Ethernet 


Environment': Mike Webb, EDN. 23 February 1984, 
pp.297-307. 


9. "Networking With the 8044': Young Sohn & Charles 
Gopen, Digital Design, May 1984, pp. 136-137. 


A critical design consideration is time to market. Intel 
provides a sophisticated set of design tools to speed 
hardware and software development time of 8044 based 
products. These include ICE-44, ASM-51, PLIM-5I, 
and EMV-44. 


Figure 5. RUPITM·44 Development 
Support 


Configuration 
Intellec@ System, 
ICETM·44 Buffer 


Box, and ICE·44 Module Plugged 


into a User Prototype 
Board 


A primary tool is the 8044 In Circuit Emulator, called 
ICE-44. See Figure 5. In conjunction with Intel's Intel- 
lec@Microprocessor Development System, the ICE-44 
emulator allows hardware and software development to 
proceed interactively. This approach is more effective 
than the traditional method of independent hardware 
and software development followed by system integra- 
tion. With the ICE-44 module, prototype hardware can 
be added to the system as it is designed. Software and 
hardware integration occurs while the product is being 
developed. 


The ICE-44 emulator assists four stages of develop- 
ment: 
I) Software Debugging 
It can be operated without being connected to the 
user's system before any of the user's hardware is 
available. In this stage ICE-44 debugging capabilities 
can be used in conjunction with the Intellec text edi- 
tor and 8044 macroassembler to facilitate program 
development. 


2) Hardware Development 


The ICE-44 module's precise emulation characteris- 
tics and full-speed program RAM make it a valuable 
tool for debugging hardware, including the time-crit- 
ical SDLC serial port, parallel port, and timer inter- 
faces. 


Integration 
of software and hardware 
can begin 


when any functional element of the user system 
hardware is connected to the 8044 socket. As each 
section of the user's hardware is completed, it is add- 
ed to the prototype. Thus, each section of the hard- 
ware and software is system tested in real-time oper- 
ation as it becomes available. 
4) System Test 
When the user's prototype is complete, it is tested 
with the final version of the user system software. 
The ICE-44 module is then used for real-time emula- 
tion of the 8044 to debug the system as a completed 
unit. 
The final product verification test may be performed 
using the 8744 EPROM version of the 8044 micro- 
computer. Thus, the ICE-44 module provides the 
user with the ability to debug a prototype or produc- 
tion system at any stage in its development. 


A conversion kit, ICE-44 CON, is available to upgrade 
an ICE-51 module to ICE-44. 


Intel's ASM-51 Assembler supports the 8044 special 
function registers and assembly program development. 
PLIM-51 provides designers with a high level language 
for the 8044. Programming in PLIM can greatly re- 
duce development time, and ensure quick time to mar- 
ket. 


These tools have recently been expanded with the addi- 
tion of the EMV-44CON. This conversion kit allows 
you to convert an EMV-51 into an EMV-44 emulation 
vehicle. The resultant low cost emulator is designed for 
use with an iPDS Personal Development System, which 
also supports the ASM-51 assembler and PLIM-51. See 
Figure 6. 


Emulation support is similar to the ICE-44 with sup- 
port for Software and Hardware Development, System 


Figure 6. RUPI-44 
IPDS Personal 
Development 


System, 
EMV·44 
Buffer Box, and EMV·44 
Module 


Plugged 
Into a User Prototype 
Board 


Integration, and System Test. The iPDS's rugged porta- 
bility and ease of use also make it an ideal system for 
production tests and field service of your finished de- 
sign. In addition, the iPDS offers EPROM program- 
ming module for the 8744, and direct communications 
with the 8044-based BITBUS via an optional iSBX-344 
distributed control module. 


Intel provides 8051 training to its customers through 
the 5-day 8051 workshop. Familiarity with the 8051 
and 8044 is achieved through a combination of lecture 
and laboratory exercises. 


For designers not familiar with the 8051, the workshop 
is an effective way to become proficient with the 8051 
architecture and capabilities. 


8044 Architecture 
12 


The 8044 is based on the 8051 core. The 8044 replaces. 
the 8051's serial port with an intelligent HDLC/SDLC 
controller called the Serial Interface or SIU. Thus the 
differences between the two result from the 8044's in- 
creased on-chip RAM (192 bytes) and additional spe- 
cial function registers necessary to control the SIU. 
Aside from the increased memory, the SIU itself, and 
differences in 5 pins (for the serial port), the 8044 and 
8051 are compatible. 


This chapter describes the differences between the 8044 
and 8051. Information pertaining to the 8051 core, ego 
instruction set, port operation, EPROM programming, 
etc. is located in the 8051 sections of this manual. 


A block diagram of the 8044 is shown in Figure I. The 
pinpoint is shown on the inside front cover. 


1.0 MEMORY 
ORGANIZATION 


OVERVIEW 


The 8044 maintains separate address spaces for Pro- 
gram Memory and Data Memory. The Program Mem- 
ory can be up to 64K bytes long, of which the lowest 
4K bytes are in the on-chip ROM. 


If the EA pin is held high, the 8044 executes out of 
internal ROM unlwess the Program Counter exceeds 
OFFFH. 
Fetches 
from 
locations 
1000H 
through 


FFFFH are directed to external Program Memory. 


If the EA pin is held low, the 8044 fetches all instruc- 
tions from external Program Memory. 


The Data Memory consists of 192 bytes of on-chip 
RAM, plus 35 Special Function Registers, in addition 
to which the device is capable of accessing up to 64K 
bytes of external data memory. 


The Program Memory uses 16-bit addresses. The exter- 
nal Data Memory can use erither 8-bit or 16-bit ad- 
dresses. The internal Data Memory uses 8-bit address- 
es, which provide a 256-location address space. The 
lower 192 addresses access the on-chip RAM. The Spe- 
cial Function Registers occupy various locations in the 
upper 128 bytes of the same address space. 


The lowest 32 bytes in the internal RAM (locations 00 
through 
1FH) are divided into 4 banks of registers, 
each bank consisting of 8 bytes. Anyone of these banks 
can be selected to be the "working registers" of the 
CPU, and can be accessed by a 3-bit address in the 


same byte as the opcode of an instruction. Thus, a large 
number of instructions are one-byte instructions. 


The next higher 16 bytes of the internal RAM (loca- 
tions 20H through 2FH) have individually addressable 
bits. These are provided for use as software flags or for 
one-bit (Boolean) processing. This bit-addressing capa- 
bility is an important feature of the 8044. In addition to 
the 128 individually addressable bits in RAM, twelve of 
the Special Function Registers also have individually 
addressable bits. 


The Special Function Registers are as follows: 
• 
ACC 
Accumulator (A Register) 


B 
B Register 
PSW 
Program Status Word 


SP 
Stack Pointer 
DPTR 
Data Pointer (consisting of DPH 
AND DPL) 
Port 0 
Port 1 
Port 2 
Port 3 
Interrupt Priority 
Interrupt Enable 
Timer/Counter 
Mode 


Timer/Counter 
Control 


Timer/Counter 
0 (high byte) 


Timer/Counter 
0 (low byte) 


Timer/Counter 
I (high byte) 


Timer/Counter 
I (low byte) 


Serial Mode 
Status/Command 
Send/Receive Count 
Station Address 
Transmit Buffer Start Address 
Transmit Buffer Length 
Transmit Control Byte 
Receive Buffer Start Address 
Receive Buffer Length 
Received Field Length 
Received Control Byte 
DMA Count 
FIFO (three bytes) 
SIU State Counter 
Power Control 


• 
PO 


• 
PI 


• 
P2 


• 
P3 
IP 
IE 
TMOD 


• 
TCON 
THO 
TLO 
TH1 
TLi 
SMD 


• 
STS 


• 
NSNR 
STAD 
TBS 
TBL 
TCB 
RBS 
RBL 
RFL 
RCB 
DMACNT 
FIFO 
SIUST 
PCON 


The registers marked with • are both byte- and bit-ad- 
dressable. 


"T1 
iFic..• 
ID 
=- 
:ac: 
"ll 


I\) 
':< 
!I: 
r\, 
lD 
0'n 
71: 
Ciii 
cc..• 
DI3 


PSEN 
ALE 


csc 
I 
• 
TIMING 
'-5.0 


PROGRAM 
TIMERI 
INTERRUPT 
MEMORY 
- 


CPU 
COUNTERS 
INT, 
CONTROL 


I 
RD,WR 
! 
TO, n 
INTO 
INn 


18 
( 
I 
I 
] 
11 
11 


, 


11/0 
Ir 
-'\ 
t==)p 
SIU 
-- 
PORT 
~ 
PORT 
( 
PORT 
PORT 
HARDWARE 
3 
"I,- 
1 
0 
~ 
2 
REGISTERS 


-,/ 
I, 


INTERNAL 
r 
TWO 
PORT 
51 
DATA 
} 
( 
RAM 


ADDRIDATA/IIO 


SCLR 
DATA 
110 
1 


S1U 
RTS 
eTS 


inter 


- 
FFFF 


EXTERNAL 


1000 
- 
1 
( 
- 
1 


OFFF 


INTERNAL 
EXTERNAL 


lEA 
') 
lEA 
01 


סס oo 


/\. 
OVERLAPPED 


{ 
" 
SPACE 
-,.-------- .. 
FF 
I 
~ 
SF 


V 


INTERNAL 


DATA MEMORY 
• 
EXTERNAL 


DATA 
MEMORY 
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Source 
Request 
Flag 
Location 


External Interrupt 0 
INTO, if ITO = 0 
P3.2 
lEO, if ITO = I 
TCON.I 
where: 


Timer 0 Overflow 
TFO 
TCON.5 
-EA 


External Interrupt 
I 
INT!, if IT! = 0 
P3.3 


lEI, if IT! = I 
TCON.3 
- ES 


Timer I Overflow 
TFI 
TCON.7 


Serial Interface Unit 
SI 
STS.4 
-ET! 


12-3 


The Stack Pointer is 8 bits wide. The stack can reside 
anywhere in the 192 bytes of on-chip RAM. When the 
8044 is reset, the stack pointer is initialized to 07H. 
When executing a PUSH or a CALL, the stack pointer 
is incremented before data is stored, so the stack would 
begin at location 08H. 


External Interrupt 
control bits ITO and ITI 
are in 


TCON.O and TCON.2, respectively. Reset leaves all 
flags inactive, with ITO and IT! cleared. 


All the interrupt flags can be set or cleared by software, 
with the same effect as by hardware. 


The Enable and Priority Control Registers are shown 
below. All of these control bits are set or cleared by 
software. All are cleared by reset. 


IE: Interrupt Enable Register (bit-addressable) 


Bit: 
7 
6 
5 
4 
3 
2 
1 
0 


disables all interrupts. If EA = 0, no interrupt 
will be acknowledged. If EA = I, each inter- 
rupt source is individually enabled or disabled 
by setting or clearing its enable bit. 
enables or disables the Serial Interface Unit in- 
terrupt. If ES = 0, the Serial Interface Unit 
interrupt is disabled. 
enables or disables the Timer I Overflow inter- 
rupt. If ET! 
= 0, the Timer I interrupt 
is 


disabled. 


• EXI 
enables or disables External Interrupt 
1. If 


EXI = 0, External Interrupt 
I is disabled. 
• ETO 
enables or disables the Timer 0 Overflow inter- 
rupt. If ETO = 0, the Timer 0 interrupt is 
disabled. 


IP: Interrupt Priority Register (bit-addressable) 


Bit: 
7 
6 
5 
4 
3 
2 
1 
0 


where: 


• PS 
defines the Serial Interface Unit interrupt pri- 
ority level. PS = I programs it to the higher 
priority level. 


• PTI 
defines the Timer I interrupt 
priority level. 


PTI = 
I programs it to the higher priority 
level. 


• PX I 
defines the External Interrupt 
priority level. 


PXI 
= I programs it to the higher priority 


level. 


• PTO 
defines the Timer 0 interrupt 
priority level. 


PTO = 
I programs it to the higher priority 
level. 


• PXO 
defines the External Interrupt 0 priority level. 
PXO = 
I programs it to the higher priority 


level. 


2.0 
MEMORY 
ORGANIZATION 


DETAILS 


In the 8044 family the memory is organized over three 
address spaces and the program counter. The memory 
spaces shown in Figure 2 are the: 
• 64K-byte Program Memory address space 
• 64K-byte External Data Memory address space 
• 320-byte Internal Data Memory address space 


The 16-bit Program Counter register provides the 8044 
with its 64K addressing capabilities. The Program 
Counter allows the user to execute calls and branches 
to any location within the Program Memory space. 
There are no instructions that permit program execu- 
tion to move from the Program Memory space to any 
of the data memory spaces. 


In the 8044 and 8744 the lower 4K of the 64K Program 
Memory address space is filled by internal ROM and 
EPROM, respectively. By tying the EA pin high, the 
processor can be forced to fetch from the internal 
ROM/EPROM 
for Program 
Memory 
addresses 
0 


through 
4K. Bus expansion for accessing Program 


Memory beyond 4K is automatic since external instruc- 
tion fetches occur automatically 
when the Program 


Counter increases above 4095. If the EA pin is tied low 


all Program Memory fetches are from external memo- 
ry. The execution speed of the 8044 is the same regard- 
less of whether fetches are from internal or external 
Program Memory. If all program storage is on-chip, 
byte location 4095 should be left vacant to prevent an 
undesired prefetch from external Program Memory ad- 
dress 4096. 


Certain locations in Program Memory are reserved for 
specific programs. Locationsססoo through 0002 are re- 
served for the initialization program. Following reset, 
the CPU always begins execution at locationססOO.Lo- 
cations 0003 through 0042 are reserved for the five in- 
terrupt-request 
service programs. Each resource that 


can request an interrupt requires that its service pro- 
gram be stored at its reserved location. 


The 64K-byte External Data Memory address space is 
automatically accessed when the MOVX instruction is 
executed. 


Functionally the Internal Data Memory is the most 
flexible of the address spaces. The Internal Data Mem- 
ory space is subdivided into a 256-byte Internal Data 
RAM address space and a 128-byte Special Function 
Register address space as shown in Figure 3. 


SPECIAL 
FUNCTIO+I 
REGISTERS 
,--"----. 
m 255 
241 
FIH 
FOH 
EIH 
EOH 
DIH 
DOH 
CIH 
COH 
BlH 
BOH 
AIH 
AOH 
91H 
90H 
saH 


121 
10H 


RAM 
~ 
D 


i'i1 


128 
135 


127 


ADDRESS- 
~ 
ABLE 
BITS 
IN 
SFR. 
E 
(121 
BITS) 
~ 


REGISTERS 
!! 


...9. 


127 
120 


7 
0 
=~BANK3 
I=~BANK2 
=~BANK 
1 


:~ 
BANKO 


ADDRESS- 
ABLE 
BITS 
IN 
SFR. 
(121 
BITS) 


intJ 


The Internal Data RAM address space is 0 to 255. 
Four 8-Register Banks occupy locations 0 through 31. 
The stack can be located anywhere in the Internal Data 
RAM address space. In addition, 128 bit locations of 
the on-chip RAM are accessible through Direct Ad- 
dressing. These bits reside in Internal Data RAM at 
byte locations 32 through 47. Currently locations 0 
through 191 of the Internal Data RAM address space 
are filled with on-chip RAM. 


The stack depth is limited only by the available Internal 
Data RAM, thanks to an 8-bit reloadable Stack Point- 
er. The stack is used for storing the Program Counter 
during subroutine calls and may be used for passing 
parameters. Any byte of Internal Data RAM or Special 
Function Register accessible though Direct Addressing 
can be pushed/popped. 


The Special Function Register address space is 128 to 
255. All registers except the Program Counter and the 
four 8-Register Banks reside here. Memory mapping 
the Special Function Registers allows them to be ac- 
cessed as easily as internal RAM. As such, they can be 
operated on by most instructions. In the overlapping 
memory space (address 128-191), indirect addressing is 
used to access RAM, and direct addressing is used to 


ARITHMETIC 
REGISTERS: 
Accumulator·, B register·, 
Program Status Word· 
POINTERS: 
Stack Pointer, Data Pointer (high & low) 


PARALLEL I/O PORTS: 
Port 3·, Port 2" Port 1·, Port O· 
INTERRUPT 
SYSTEM: 
Interrupt Priority Control" 
Interrupt Enable Control· 


TIMERS: 
Timer Mode, Timer Control" 
Timer 1 


(high & low), Timer 0 (high & low) 


SERIAL INTERFACE UNIT: 


Transmit Buffer Start, 
Transmit Buffer Length, 
Transmit Control Byte, 
Send Count Receive Count·, 
DMA Count, 
Station Address 
Receive Field Length 
Receive Buffer Start 
Receive Buffer Length 
Receive Control Byte, 
Serial Mode, 
Status Register.· 


·Bits in these registers are bit addressable. 


access the SFR's. The SFR's at addresses 192-255 are 
also accessed using direct 
addressing. 
The 
Special 


Function Registers are listed in Figure 4. Their map- 
ping in the Special Function Register address space is 
shown in Figures 5 and 6. 


Performing a read from a location of the Internal Data 
memory where neither a byte of Internal Data RAM 
(i.e., RAM addresses 192-255) nor a Special Function 
Register exists will access data of indeterminable value. 


Architecturally, 
each memory space is a linear se- 


quence of 8-bit wide bytes. By Intel convention the 
storage of multi-byte address and data operands in pro- 
gram and data memories is the least significant byte at 
the low-order address and the most significant byte at 
the high-order address. Within byte X, the most signifi- 
cant bit is represented by X.7 while the least significant 
bit is X.O. Any deviation from these conventions will be 
explicitly stated in the text. 


There are five methods of addressing source operands. 
They 
are 
Register 
Addressing, 
Direct 
Addressing, 


Register-Indirect 
Addressing, 
Immediate 
Addressing 


ARITHMETIC 
REGISTERS: 
Accumulator·, B register·, 
Program Status Word· 


POINTERS: 
Stack Pointer, Data Pointer (high & low) 


PARALLEL I/O PORTS: 
Port 3·, Port r,Port 1·, Port O· 


INTERRUPT 
SYSTEM: 
Interrupt Priority Control·, 
Interrupt Enable Control· 
TIMERS: 
Timer Mode, Timer Control·, Timer 1 
(high & low), Timer 0 (high & low) 


SERIAL INTERFACE UNIT: 


Serial Mode, Status/Command·, 
SendlReceive Count·, Station Address, 
Transmit Buffer Start Address, 
Transmit Buffer Length, 
Transmit Control Byte, 
Receive Buffer Start Address, 
Receive Buffer Length, 
Receive Field Length, 
Receive Control Byte, 
DMA Count, 
FIFO (three bytes), 
SIU Controller State Counter 


and 
Base-Register-plus 
Index-Register-Indirect 
Ad- 


dressing. The first three of these methods can also be 
used to address a destination operand. Since operations 
in the 8044 require 0 (Nap only), 1,2,3 or 4 operands, 
these five addressing methods are used in combinations 
to provide the 8044 with its 21 addressing modes. 


Most instructions have a "destination, 
source" field 


that specifies the data type, addressing methods and 
operands involved. For operations other than moves, 
the destination operand is also a source operand. For 
example, in "subtract-with-borrow 
A, # 5" the A regis- 
ter receives the result of the value in register A minus 5, 
minus C. 


Most operations involve operands that are located in 
Internal Data Memory. The selection of the Program 
Memory space or External Data Memory space for a 
second operand is determined by the operation mne- 
monic unless it is an immediate operand. The subset of 
the Internal Data Memory being addressed is deter- 
mined by the addressing method and address value. For 
example, the Special Function 
Registers can be ac- 


cessed only through Direct Addressing with an address 
of 128-255. A summary 
of the operand addressing 


methods is shown in Figure 6. The following para- 
graphs describe the five addressing methods. 


Register Addressing permits access to the eight regis- 
ters (R7-RO) of the selected Register Bank (RB). One of 
the four 8-Register Banks is selected by a two-bit field 
in the PSW. The registers may also be accessed through 
Direct Addressing and Register-Indirect 
Addressing, 


since the four Register Banks are mapped into the low- 
est 32 bytes of internal Data RAM as shown in Figures 
9 and 10. Other Internal Data Memory locations that 
are addressed as registers are A, B, C, AB and DPTR. 


Direct Addressing provides the only means of accessing 
the memory-mapped byte-wide Special Function Regis- 
ters and memory mapped bits within the Special Func- 
tion Registers and Internal Data RAM. Direct Ad- 
dressing of bytes may also be used to access the lower 
128 bytes of Internal Data RAM. Direct Addressing of 
bits gains access to a 128 bit subset of the Special Func- 
tion Registers as shown in Figures 5, 6, 9, and 10. 


SYMBOLIC 
BYTE 


REGISTER NAMES 
ADDRESS 
BIT ADDRESS 
ADDRESS 
,.......-'---0. 


B REGISTER 
B 
247 
through 
240 
240 
(FOH) 


ACCUMULATOR 
ACC 
231 
ro 
224 
224 
(EOH) 


·THREE 
BYTE FIFO 
FIFO 
223 
(DFH) 
FIFO 
222 
(DEH) 
FIFO 
221 
(DOH) 


TRANSMIT 
BUFFER START 
TBS 
220 
(DCH) 


TRANSMIT 
BUFFER LENGTH 
TBL 
219 
(DBH) 


TRANSMIT 
CONTROL BYTE 
TCB 
218 
(DAH) 


·SIU STATE COUNTER 
SIUST 
217 
(D9H) 


SEND COUNT RECEIVE COUNT 
NSNR 
223 
ro 
216 
216 
(D8H) 


PROGRAM STATUS WORD 
PSW 
215 
t '0 
208 
208 
(DOH) 


"DMA 
COUNT 
DMACNT 
207 
(CFH) 


STATION ADDRESS 
STAD 
206 
(CEH) 


RECEIVE FiElD 
LENGTH 
RFL 
205 
(CDH) 


RECEIVE BUFFER START 
RBS 
204 
(CCH) 


RECEIVE BUFFER LENGTH 
RBL 
203 
(CBH) 
SFR'. 
CONTAINING 
RECEIVE CONTROL BYTE 
RCB 
202 
(CAH) 
DIRECT ADDRESSABLE BITS 
SERIAL MODE 
SMD 
201 
(C9H) 


STATUS REGISTER 
STS 
207 
200 
(C9H) 


INTERRUPT PRIORITY CONTROL 
IP 
191 
184 
(B8H) 


PORT 3 
P3 
183 
176 
(BOH) 


INTERRUPT ENABLE CONTROL 
IE 
175 
168 
IA8H) 


PORT 2 
P2 
187 
180 
(AOH) 


PORT 1 
PI 
151 
144 
(SOH) 


TIMER HIGH 1 
THI 
141 
(8DH) 


TIMER HIGH 0 
THO 
140 
(8CH) 


TIMER LOW 1 
Tll 
139 
(8BH) 


TIMER LOWO 
TLO 
138 
(8AH) 


TIMER MODE 
TMOD 
137 
(89H) 


TIMER CONTROL 
TCON 
143 
138 
138 
(88H) 


DATA POINTER HIGH 
DPH 
131 
(83H) 


DATA POINTER LOW 
DPL 
130 
(82H) 


STACK POINTER 
SP 
129 
(81H) 


PORT 0 
PO 
135 
129 
128 
(80H) 
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Figure 6. Mapping of Special Function Registers 
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• Register Addressing 
R7-RO 
A, B, C (bit), AB (two bytes), DPTR (double 
byte) 


• Direct Addressing 
Lower 128 bytes of Internal Data RAM 
Special Function Registers 


128 bits in subset of Special Function Register 
address space 


• Register-Indirect Addressing 
Internal Data RAM [@Rl, @RO,@SP (PUSH 
and POP only)] 


Least 
Significant 
Nibbles 
in Internal 
Data 


RAM (@Rl, @RO) 


External Data Memory (@Rl, @RO,@DPTR) 


• Immediate Addressing 
- 
Program Memory (in-code constant) 


• Base-Register-plus Index-Register-Indirect 
Ad- 


dressing 
Program Memory (@ DPTR + A, @ PC + A) 


Figure 8. Operand Addressing Methods 
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Figure 10.Addressing Operands 


in Internal Data Memory 


Register-Indirect 
Addressing using the content of Rl 


or RO in the selected Register Bank, or using the con- 
tent of the Stack Pointer (PUSH and POP only), ad- 
dresses the Internal Data RAM. Register-Indirect Ad- 
dressing is also used for accessing the External Data 
Memory. In this case, either RI or RO in the selected 
Register Bank may be used for accessing locations 
within a 256-byte block. The block number can be pre- 
selected by the contents of a port. The 16-bit Data 
Pointer may be used for accessing any location within 
the full 64K external address space. 


Reset is accomplished by holding the RST pin high for 
at least two machine cycles (24 oscillator periods) while 
the oscillator is running. The CPU responds by execut- 
ing an internal reset. It also configures the ALE and 
PSEN pins as inputs. (They are quasi-bidirectional.) 
The internal reset is executed during the second cycle in 
which RST is high and is repeated every cycle until 
RST goes low. It leaves the internal registers as follows: 
Register 
Content 


PC 
OOOOH 


A 
OOH 


S 
OOH 


PSW 
OOH 


SP 
07H 


DPTR 
OOOOH 


PO-P3 
OFFH 


IP 
(XXXOOOOO) 


IE 
(OXXOOOOO) 


TMOD 
OOH 


TCON 
OOH 


THO 
OOH 


T~ 
OOH 


TH1 
OOH 


TL1 
OOH 


SMD 
OOH 


STS 
OOH 


NSNR 
OOH 


STAD 
OOH 


TSS 
TSL 
TCS 
RSS 
RSL 
RFL 
RCS 
DMACNT 
FIF01 
FIF02 
FIF03 
SIUST 
PCON 


OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
01H 


(OXXXXXXX) 


The internal RAM is not affected by reset. When VCC 
is turned on, the RAM content is indeterminate unless 
VPD was applied prior to VCC being turned off (see 
Power Down Operation.) 


4.0 
RUPITM_44 FAMILY 
PIN 


DESCRIPTION 


VCC: Supply voltage during 
programming 
(of the 


8744), verification (of the 8044 or 8744), and normal 
operation. 


Port 0: Port 0 is an 8-bit open drain bidirectional I/O 
port. It is also the multiplexed low-order address and 
data bus during accessses to external memory (during 
which accesses it activates internal pullups). It also out- 
puts instruction bytes during program verification. (Ex- 
ternal 
pullups 
are required 
during 
program 
verifi- 


cation.) Port 0 can sink eight LS TTL inputs. 


Port 1: Port 1 is an 8-bit bidirectional I/O port with 
internal pullups. It receives the low-order address byte 
during program verification in the 8044 or 8744. Port I 
can sink/source four LS TTL inputs, It can drive MOS 
inputs without external pullups. 


Two of the Port 
pins serve alternate functions, as 


listed below: 
Port Pin 
Alternate Function 


Pl.6 
RTS (Request to Send). In a non-loop configu- 
ration, RTS signals that the 8044 is ready to 
transmit data. 
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The serial interface provides a high-performance com- 
munication link. The protocol used for this communi- 
cation is based on the IBM Synchronous Data Link 
Control (SDLC). The serial interface also supports a 
subset of the ISO HDLC (International Standards Or- 
ganization High-Level Data Link Control) protocol. 


The SDLC/HDLC 
protocols have been accepted as 


standard protocols for many high-level teleprocessing 
systems. The serial interface performs many of the 
functions required to service the data link without in- 
tervention from the 8044's own CPU. The programmer 
is free to concentrate on the 8044's function as a periph- 
eral controller, rather than having to deal with the de- 
tails of the communication process. 


Five pins on the 8044 are involved with the serial inter- 
face: 
Pin 7 
Pin 8 
Pin 10 
Pin 11 
Pin IS 


RTS/P16 
erS/P17 
1I0/RXD/P30 
DATA/TXD/P31 
SCLKITII/P35 


Figure 1 is a functional block diagram of the serial in- 
terface unit (SID). More details on the SIU hardware 
are given later in this chapter. 


The serial interface is capable of operating in three seri- 
al data link configurations: 
1) Half-Duplex, point-to-point 
2) Half-Duplex, multipoint (with a half-duplex or full- 


duplex primary) 
3) Loop 


Figure 2 shows these three configurations. The RTS 
(Request to Send) and ers 
(Clear to Send) hand-shak- 


ing signals are available in the point-to-point and multi- 
point configurations. 


The serial interface can operate in an externally clocked 
mode or in a self clocked mode. 


In the externally clocked mode, a common Serial Data 
Clock (SCLK on pin IS) synchronizes the serial bit 
stream. This clock signal may come from the master 
CPU or primary station, or from an external phase- 
locked loop local to the 8044. Figure 3 illustrates the 
timing relationships for the serial interface signals when 
the externally clocked mode is used in point-to-point 
and multipoint data link configurations. 


Incoming data is sampled at the rising edge of SCLK, 
and outgoing data is shifted out at the falling edge of 
SCLK. More detailed timing information is given in the 
8044 data sheet. 


The self clocked mode allows data transfer without a 
common system data clock. Using an on-chip DPLL 
(digital phase locked loop) the serial interface recovers 
the data clock from the data stream itself. The DPLL 
requires a reference clock equal to either 16 times or 32 
times the data rate. This reference clock may be exter- 
nally supplied or internally generated. When the serial 
interface generates this clock internally, it uses either 
the 8044's internal logic clock (half the crystal frequen- 
cy's PH2) or the "timer I" overflow. Figure 4 shows 
the serial interface signal timing relationships for the 
loop .configuration, when the unclocked mode is used. 


The DPLL monitors the received data in order to de- 
rive a data clock that is centered on the received bits. 
Centering is achieved by detecting all transitions of the 
received data, and then adjusting the clock transition 
(in increments of V,. bit period) toward the center of 
the received bit. The DPLL converges to the nominal 
bit center within eight bit transitions, worst case. 


To aid in the phase locked loop capture process, the 
8044 has a NRZI (non-return-to-zero inverted) data en- 
coding and decoding option. NRZI 
coding specifies 


that a signal does not change state for a transmitted 
binary I, but does change _statefor a binary O. Using the 
NRZI coding with zero-bit insertion, it can be guaran- 
teed that an active signal line undergoes a transition at 
least every six bit times. 


The maximum data rate in the externally clocked mode 
is 204M bits per second (bps) a half-duplex configura- 
tion, and 1.0M in a loop configuration. 
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In the self clocked mode with an external reference 
clock, the maximum data rate is 375K bps. 


In the self clocked mode with an internally generated 
reference clock, and the 8044operating with a 12MHz 
crystal, the available data rates are 244 bps to 62.5K 
bps, l87.5K bps and 375K bps. 


For more details see the table in the SMD register de- 
scription, below. 


The Serial Interface Unit (SIU) can operate in either of 
two response modes: 


1) AUTO mode 
2) FLEXIBLE (NON-AUTO) mode 


In the AUTO mode, the SIU performs in hardware a 
subset of the SDLC protocol called the normal re- 
sponse mode. The AUTO mode enables the SIU to rec- 
ognize and respond to certain kinds of SDLC frames 
without intervention from the 8044's CPU. AUTO 
mode provides a faster turnaround time and a simpli- 
fied software interface, whereas NON-AUTO mode 
provides a greater flexibilitywith regard to the kinds of 
operation permitted. 


In AUTO mode, the 8044 can act only as a normal 
response mode secondary station-that 
is, it can trans- 


mit only when instructed to do so by the primary sta- 
tion. All such AUTO mode respons~ adhere strictly to 
IBM's SDLC definitions. 


In the FLEXIBLE mode, reception or transmission of 
each frame by the SIU is performed under the control 
of the CPU. In this mode the 8044 can be either a 
primary station or a secondary station. 


In both AUTO and FLEXIBLE modes, short frames, 
aborted frames, or frames which have had CRC's are 
ignored by the SIU. 


~ 
Address IControl !Information I~ 


Format variations consist of omitting one or more of 
the fields in the SDLC frame. For example,a superviso- 
ry frame is formed by omitting the information field. 
Supervisory frames are used to confirm received 
frames, indicate ready or busy conditions, and to report 
errors. More details on frame formats are given in the 
SDLC Frame Format Options section, below. 


To enable the SIU to receive a frame in AUTO mode, 
the 8044 CPU sets up a receivebutTer.This is done by 
writing two registers-Receive ButTerStart (RBS) Ad- 
dress and Receive ButTerLength (RBL). 


The SIU receivesthe frame, examines the control byte, 
and takes the appropriate action. If the frame is an 
information frame, the SIU will load the receivebutTer, 
interrupt the CPU (to have the 'receivebutTerread), and 
make the required acknowledgement to the primary 
station. Details on these processes are given in the Op- 
eration section, below. 


In addition to receiving the information frames, the 
SIU in AUTO mode is capable of responding to the 
following commands (found in the control field of su- 
pervisory frames) from the primary station: 


RR (Receive Ready): Acknowledges that the Primary 
station has correctly received numbered frames up 
through NR - 
I, and that it is ready to receive frame 


NR· 


RNR (ReceiveNot Ready): Indicates a temporary busy 
condition (at the primary station) due to butTeringor 
other internal constraints. The quantity NR in the con- 
trol field indicates the number of the frame expected 
after the busy condition ends, and may be used to ac- 
knowledge the correct reception of the frames up 
through NR - 
I. 


REJ (Reject): Acknowledges the correct reception of 
frames up through NR - 
I, and requests transmission 


or retransmission starting at frame NR. The 8044 is 
capable of retransmitting at most the previous frame, 
and then only if it is still available in the transmit butT- 
er. 


UP (Unnumbered Poll): Also called NSP (Non-Se- 
quenced Poll) or ORP (Optional Response Poll). This 
command is used in the loop configuration. 


To enable the SIU to transmit an information frame in 
AUTO mode, the CPU sets up a transmit butTer.This 
is done by writing two registers-Transmit 
ButTerStart 


(TBS)Address and Transmit ButTerLength (TBL), and 
filling the transmit butTer with the information to be 
transmitted. 


When the transmit butTeris full, the SIU can automati- 
cally (without CPU intervention) send an information 
frame (I-frame) with the appropriate sequence num- 
bers, when the data link becomes available (when the 
8044 is polled for information). After the SIU has 
transmitted the I-frame, it waits for acknowledgement 
from the receiving station. If the acknowledgement is 


negative, the SIU retransmits 
the frame. If the ac- 
knowledgement 
is positive, the SIU interrupts 
the 


RTs 


CTs 


I/O 


[> 
DATA 
<] 


SCLK 


CPU, to indicate that the transmit buffer may be re- 
loaded with new information. 
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In addition to transmitting the information frames, the 
SIU in AUTO mode is capable of sending the following 
responses to the primary station: 


RR (Receive Ready): Acknowledges that the 8044 has 
correctly 
received 
numbered 
frames 
up 
through 


NR - 
1, and that it is ready to receive frame NR' 


RNR (Receive Not Ready): Indicates a temporary busy 
condition (at the 8044) due to buffering or other inter- 
nal constraints. The quantity NR in the control field 
indicates the number of the frame expected after the 
busy condition ends, and acknowledges the correct re- 
ception of the frames up through NR - 
1. 


In the FLEXIBLE 
(or non-auto) mode, all reception 


and transmission is under the control of the CPU. The 
full SDLC and HDLC protocols can be implemented, 
as well as any bit-synchronous variants of these proto- 
cols. 


FLEXIBLE 
mode 
provides 
more 
flexibility 
than 


AUTO mode, but it requires more CPU overhead, and 
much longer recognition and response times. This is 
especially true when the CPU is servicing an interrupt 
that has higher priority than the interrupts from the 
sm. 


In FLEXIBLE mode, when the SIU receives a frame, it 
interrupts the CPU. The CPU then reads the control 
byte from the Receive Control Byte (RCB) register. If 
the received frame is an information frame, the CPU 
also reads the information from the receive buffer, ac- 
cording to the values in the Receive Buffer Start (RBS) 
address register and the Received Field Length (RFL) 
register. 


In FLEXIBLE 
mode, the 8044 can initiate transmis- 


sions without being polled, and thus it can act as the 
primary station. To initiate transmission or to generate 
a response, the CPU sets up and enables the SIU. The 
SIU then formats and transmits 
the desired frame. 
Upon completion of the transmission, without waiting 
for a positive acknowledgement from the receiving sta- 
tion, the SIU interrupts the CPU. 


As mentioned above, variations on the basic SDLC 
frame consist of omitting one or more of the fields. The 
choice of which fields to omit, as well as the selection of 
AUTO mode versus FLEXIBLE mode, is specified by 
the settings of the following three bits in the Serial 
Mode Register (SMD) and the Status/Control 
Register 


(STS): 


SMD Bit 0: NFCS (No Frame Check Sequence) 


SMD Bit I: NB (Non-Buffered Mode-No 
Control 


Field) 
STS Bit I: AM (AUTO Mode or Addressed Mode) 


Figure 5 shows how these three bits control the frame 
format. 


The following paragraphs discuss some properties of 
the standard 
SDLC format, and the significance of 


omitting some of the fields. 


The standard SDLC format consists of an opening flag, 
an 8-bit address field, an 8-bit control field, an n-byte 
information 
field, a 16-bit Frame 
Check Sequence 


(FCS), and a closing flag. The FCS is based on the 
CCITT-CRC polynominal (X16 + X12 + X5 + I). 
The address and control fields may not be extended. 
Within the 8044, the address field is held in the Station 
Address (STAD) register, and the control field is held 
in the Receive Control Byte (RCB) or Transmit Con- 
trol Byte (TCB) register. The standard SDLC format 
may be used in either AUTO mode or FLEXIBLE 
mode. 


5.2 
No Control Field (Non-Suffered 
Mode) 


When the control field is not present, the RCB and 
TCB registers are not used. The information field be- 
gins immediately after the address field, or, if the ad- 
dress field is also absent, immediately after the opening 
flag. The entire information field is stored in the 8044's 
on-chip RAM. If there is no control field, FLEXIBLE 
mode must be used. Control 
information 
may, of 


course, be present in the information field, and in this 
manner the No Control Field option may be used for 
implementing extended control fields. 


5.3 
No Control Field and No Address 
Field 


The No Address Field option is available only in con- 
juction with the No Control Field option. The STAD, 
RCB, and TCD registers are not used. When both these 
fields are absent, the information field begins immedi- 
. ately after the opening flag. The entire information field 
is stored in on-chip RAM. FLEXIBLE mode must be 
used. Formats without an address field have the follow- 
ing applications: 


Point-to-point data links (where no addressing is neces- 
sary) 


Monitoring line activity (receiving all messages regard- 
less of the address field) 


inter 
RUPITM-44 SIU 


FRAME OPTION 
NFCS 
NB 
AM 


Standard SOLC 
0 
0 
0 


FLEXIBLE Mode 


Standard SOLC 
0 
0 


AUTO Mode 


No Control Field 
0 


FLEXIBLEMode 


No Control Field 
0 
0 CO 
No Address Field 
FLEXIBLEMode 


No FCS Field 
0 
0 


FLEXIBLEMode 


No FCS Field 
0 


AUTO Mode 


No FCS Field 
~ 
No Control Field 
FLEXIBLEMode 


No FCS Field 
0 CO 
No Control Field 
No Address Field 
FLEXIBLE Mode 


Key to Abbreviations: 
F = Flag (01111110) 
A = Address Field 
C = ControlField 
I = InformationField 
FCS = Frame Check Sequence 


----~ 


__ 
~CO 


NOTE: 
The AMbit is AUTOmode controlbitwhen NB = 0, and Address Modecontrol bitwhen NB = 1. 


In the normal case (NFCS = 0), the last 16 bits before 
the closing flag are the Frame Check Sequence (FCS) 
field. These bits are not stored in the 8044's RAM. 
Rather, they are used to compute a cyclic redundancy 
check (CRC) on the data in the rest of the frame. A 
received frame with a CRC error (incorrect FCS) is 
ignored. In transmission, the FCS field is automatically 
computed by the SIU, and placed in the transmitted 
frame just prior to the closing flag. 


The NFCS bit (SMD Bit 0) gives the user the capability 
of overriding this automatic feature. When this bit is set 
(NFCS = I), all bits from the beginning of the infor- 
mation field to the beginning of the closing flag are 
treated as part of the information field, and are stored 


in the on-chip RAM. No FCS checking is done on the 
received frames, and no FCS is generated for the trans- 
mitted frames. The No FCS Field option may be used 
in conjunction with any of the other options. It is typi- 
cally used in FLEXIBLE mode, although it does not 
strictly include AUTO mode. Use of the No FCS Field 
option AUTO Mode may, however, result in SDLC 
protocol 
violations, since the data integrity 
is not 


checked by the SIU. 


Formats without an FCS field have the following appli- 
cations: 


Receiving and transmitting 
frames without verifying 


data integrity. 


intJ 


Using an alternate CRC-16 polynomial (such as Xl6 + 
XiS + X2 + I), or a 32-bit CRC 


Performing data link diagnosis by forcing false CRCs 
to test error detection mechanisms 


In addition to the applications mentioned above, all of 
the format variations are useful in the support of non- 
standard bit-synchronous protocols. 


In addition to its support of SOLC communications, 
the 8044 also supports 
some of the capabilities of 


HOLC. The following remarks indicate the principal 
differences between SOLC and HOLC. 


HOLC permits any number of bits in the information 
field, whereas SOLC requires a byte structure (multiple 
of 8 bits). The 8044 itself operates on byte boundaries, 
and thus it restricts fields to multiples of 8 bits. 


HOLC provides functional extensions to SOLC: an un- 
limited address field is allowed, and extended frame 
number sequencing. 


HOLC does not support operation in loop configura- 
tions. 


7.0 SIU SPECIAL 
FUNCTION 


REGISTERS 


The 8044 CPU communicates with and controls the 
SIU through hardware registers. These registers are ac- 
cessed using direct addressing. The SIU special func- 
tion registers (SIU SFRs) are of three types: 


Control and Status Registers 
Parameter Registers 
ICE Support Registers 


Serial Mode Register (SMO) 
Status/Command 
Register (STS) 
SendlReceive Count Register (NSNR) 


The SMO, STS, and NSNR registers are all cleared by 
system reset. This assures that the SIU will power up in 
an idle state (neither receiving nor transmitting). 


These registers and their bit assignments are described 
below (see also the More Oetails on Registers section). 


SMD: SERIAL 
MODE 
REGISTER 
(BYTE-ADDRESSABLE) 
Bit: 
7 
6 
5 
4 
3 


The Serial Mode Register (Address C9H) selects the 
operational modes of the SIU. The 8044 CPU can both 
read and write SMO. The SIU can read SMO but can- 
not write to it. To prevent conflict between CPU and 
SIU access to SMO, the CPU should write SMO only 
when the Request To Send (RTS) and Receive Buffer 
Empty (RBE) bits (in the STS register) are both false 
(0). Normally, SMO is accessed only during initializa- 
tion. 


The individual bits of the Serial Mode Register are as 
follows: 


BIt#' 
SMO.O 


Name 
NFCS 
Description 


No FCS field in the SOLC 
frame. 
Noon-Buffered 
mode. 
No 


control field in the SOLC 
frame. 
Pre-Frame Sync mode. In 
this 
mode, 
the 
8044 


transmits two bytes before 
the first flag of a frame, for 
OPLL 
synchronization. 
If 


NRZI is enabled, OOH is 
sent; otherwise, 55H is sent. 
In either case, 16 pre-frame 
transitions are guaranteed. 
Loop configuration. 
NRZI coding option. 
Select Clock Mode-Bit 
0 


Select Clock Mode-Bit 
1 


Select Clock Mode-Bit 
2 


SMO.3 
SMO.4 
SMO.5 
SMO.6 
SMO.7 


LOOP 
NRZI 
SCMO 
SCM1 
SCM2 


SCM 
Clock Mode 
Data Rate 


210 
(Bits/see)· 


000 
Externally clocked 
0-2.4M·· 


001 
Undefined 
010 
Self clocked, timer overflow 
244-62.5K 


011 
Undefined 
100 
Self clocked, external 16x 
0-375K 


1 0 1 
Self clocked, external 32x 
0-187.5K 


1 1 0 
Self clocked, internal fixed 
375K 


1 1 1 
Self clocked, internal fixed 
187.5K 


·Based on a 12 MHz crystal frequency 


• ·0-1 M bps in loop configuration 


inter 


STS: STATUS/COMMAND 
REGISTER 


(BIT-ADDRESSABLE) 
Bit: 
7 
6 
5 


TBF 
RBE 
RTS 


The Status/Command 
Register (Address C8H) pro- 


vides operational control of the SIU by the 8044 CPU, 
and enables the SIU to post status information for the 
CPU's access. The SIU can read STS, and can alter 
certain bits, as indicated below. The CPU can both read 
and write STS asynchronously. However, 2-cycle in- 
structions that access STS during both cycles ('JBC/B, 
REL' and 'MOY /B,C.') should not be used, since the 
SIU may write to STS between the two CPU accesses. 


The individual bits of the Status/Command 
Register 
are as follows: 


Bit# 
Name 


STS.O 
RBP 


Description 


Receive 
Buffer Protect. 
Inhibits 


writing of data into the receive 
buffer. In AUTO mode, RBP 
forces an RNR response 
instead of an RR. 
AUTO Model Addressed 
Mode. 
Selects 
AUTO mode where 


AUTO mode is allowed. 
If NB is 


true, (= 1), the AM bit selects 
the addressed 
mode. AM may 


be cleared 
by the SIU. 
Optional 
Poll Bit. Determines 


whether 
the SIU will generate 


an AUTO response 
to an 


optional 
poll (UP with P = 0). 
OPB may be set or cleared 
by 


the SIU. 
Receive 
Buffer Overrun. 
BOV 


may be set or cleared 
by the 


SIU. 
SIU Interrupt. This is one of the 
five interrupt 
sources to the 


CPU. The vector location 
= 
23H. SI may be set by the SIU. 
It should be cleared by the CPU 
before returning 
from an 


interrupt 
routine. 
Request To Send. Indicates 
that the 8044 is ready to 
transmit 
or is transmitting. 
RTS 


may be read or written by the 
CPU. RTS may be read by the 
SIU, and in AUTO mode may 
be written by the SIU. 
Receive 
Buffer Empty. RBE 


can be thought 
of as Receive 


Enable. RBE is set to one by 
the CPU when it is ready to 
receive a frame, or has just 
read the buffer, and to zero by 
the SIU when a frame has been 
received. 


Bit# 
Name 


STS.7 
TBF 


Description 


Transmit 
Buffer Full. Written 
by 


the CPU to indicate that it has 
filled the transmit 
buffer. TBF 


may be cleared 
by the SIU. 


The SendlReceive Count Register (Address D8H) con- 
tains the transmit and receive sequence numbers, plus 
tally error indications. The SIU can both read and 
write NSNR. The 8044 CPU can both read and write 
NSNR asynchronously. However, 2-cycle instructions 
that access NSNR during both cycles ('JBC IB, REL', 
and 'MOY /B,C') 
should not be used, since the SIU 


may write to NSNR between the two 8044 CPU access- 
es. 


The individual bits of the SendlReceive Count Register 
are as follows: 


Blt# 
Name 
Description 


NSNR.O 
SER 
Receive Sequence 
Error: 


NS (P) * NR (S) 


NSNR.1 
NRO 
Receive 
Sequence 
Counter-Bit 
0 


NSNR.2 
NR1 
Receive Sequence 
Counter-Bit 
1 


NSNR.3 
NR2 
Receive Sequence 
Counter-Bit 
2 


NSNR.4 
SES 
Send Sequence 
Error: 


NR (P) * NS (S) and 
NR (P) * NS (S) + 1 


NSNR.5 
NSO 
Send Sequence 
Counter-Bit 
0 


NSNR.6 
NS1 
Send Sequence 
Counter-Bit 
1 


NSNR.7 
NS2 
Send Sequence 
Counter-Bit 
2 


There are eight parameter registers that are used in 
connection with SIU operation. All eight registers may 
be read or written by the 8044 CPU. RFL and RCB are 
normally loaded by the SIU. 


STAD: STATION 
ADDRESS 
REGISTER 


(BYTE-ADDRESSABLE) 


The Station Address register (Address CEH) contains 
the station address. To prevent access conflict, the CPU 


should access STAD only when the SIU is idle (RTS = 
o and RBE = 0). Normally, STAD is accessed only 
during initialization. 


TBS: TRANSMIT 
BUFFER 
START 
ADDRESS 


REGISTER 
(BYTE-ADDRESSABLE) 


The Transmit B.uffer Start address register (Address 
DCH) points to the location in on-chip RAM for the 
beginning of the I-field of the frame to be transmitted. 
The CPU should access TBS only when the SIU is not 
transmitting a frame (when TBF = 0). 


TBL: TRANSMIT 
BUFFER 
LENGTH 
REGISTER 


(BYTE-ADDRESSABLE) 


The Transmit Buffer Length register (Address DBH) 
contains the length (in bytes) of the I-field to be trans- 
mitted. A blank I-field (TBL = 0) is valid. The CPU 
should access TBL only when the SIU is not transmit- 
ting a frame (when TBF = 0). 


NOTE: 
The transmit and receive buffers are not allowed to 
"wrap around" in the on-chip RAM. A "buffer end" 
is automatically 
generated if address 
191 (BFH) is 
reached. 


TCB: TRANSMIT 
CONTROL 
BYTE REGISTER 


(BYTE-ADDRESSABLE) 


The Transmit Control Byte register (Address DAH) 
contains the byte which is to be placed in the control 
field of the transmitted 
frame, during NON-AUTO 


mode transmission. The CPU should access TCB only 
when the SIU is not transmitting a frame (when TBF 
= 0). The Ns and NR counters are not used in the 
NON-AUTO mode. 


RBS: RECEIVE 
BUFFER 
START 
ADDRESS 


REGISTER 
(BYTE-ADDRESSABLE) 


The Receive Buffer Start address register (Address 
CCH) points to the location in on-chip RAM where the 
beginning of the I-field of the frame being received is to 
be stored. The CPU should write RBS only when the 
SIU is not receiving a frame (when RBE = 0). 


RBL: RECEIVE 
BUFFER 
LENGTH 
REGISTER 


(BYTE-ADDRESSABLE) 


The Receive Buffer Length register (Address CBH) 
contains the length (in bytes) of the area in on-chip 
RAM allocated for the received I-field. RBL = 0 is 
valid. The CPU should write RBL only when RBE = 
O. 


RFL: RECEIVE 
FIELD 
LENGTH 
REGISTER 


(BYTE-ADDRESSABLE) 


The Received Field Length register (Address CDH) 
contains the length (in bytes) of the received I-field that 
has just been loaded into on-chip RAM. RFL is loaded 
by the SIU. RFL = 0 is valid. RFL should be accessed 
by the CPU only when RBE = O. 


RCB: RECEIVE 
CONTROL 
BYTE REGISTER 


(BYTE-ADDRESSABLE) 


The Received Control Byte register (Address CAH) 
contains the control field of the frame that has just been 
received. RCB is loaded by the SIU. The CPU can only 
read RCB, and should only access RCB when RBE = 
O. 


The 8044 In-Circuit Emulator (ICE-44) allows the user 
to exercise the 8044 application system and monitor the 
execution of instructions in real time. 


The emulator operates with Intel's Intellec<ll>develop- 
ment system. The development system interfaces with 
the user's 8044 system through an in-cable buffer box. 
The cable terminates in a 8044 pin-compatible plug, 
which fits into the 8044 socket in the user's system. 
With the emulator plug in place, the user can exercise 
his system in real time while collecting up to 255 in- 
struction cycles of real-time data. In addition, he can 
single-step the program. 


Static RAM is available (in the in-cable buffer box) to 
emulate the 8044 internal and external program memo- 
ry and external data memory. The designer can display 
and alter the contents of the replacement memory in 
the buffer box, the internal data memory, and the inter- 
nal 8044 registers, including the SFRs. 


Among the SIU SFRs are the following registers that 
support the operation of the ICE: 


DMA CNT: DMA COUNT 
REGISTER 
(BYTE-ADDRESSABLE) 


The DMA Count register (Address CFH) indicates the 
number of bytes remaining in the information block 
that is currently being used. 


The Three-Byte FIFO 
(Address 
DDH, 
DEH, 
and 


D,FH) is used between the eight-bit shift register and 
the information buffer when an information block is 
received. 


Table 1. SIUST Status Sequences 


Frame Option 


NFCS 
NB 
AM 


Example 
1: 


Frame Format 
0 
0 


SIUSTValue 


Example 
2: 


Frame Format 
0 


SIUSTValue 


Example 
3: 


Frame Format 
0 
0 


SIUSTValue 


Example 4: 


Frame Format 


SIUSTValue 


Example 
5: 


Frame Format ~l 


I tm 


0 
SIUSTValue 
01 
01 
28 


Example 6: 


Frame Format 
I OVERFLOW 
0 
0 
SIUSTValue 
30 


SIUST: 
SIU STATE 
COUNTER 
(BYTE- 


ADDRESSABLE) 


The SIU State Counter (Address D9H) reflects the 
state of the internal logic which is under SIU control. 
Therefore, care must be taken not to write into this 
register. 


The SIUST register can serve as a helpful aid to deter- 
mine which field of a receive frame that the SIU ex- 
pects next. The table below will help in debugging 8044 
reception problems. 


SIUST 
Function 
Value 


01H 
Waiting for opening flag. 


08H 
Waiting for address field. 


10H 
Waiting for control field. 


18H 
Waiting for first byte of I field. This state 
is only entered 
if a FCS is expected. 
It 


pushes the received 
byte onto the top of 


the FIFO. 


20H 
Waiting for second byte of I field. This 
state always follows 
state 18H. 


SIUST 
Function 
Value 


28H 
Waiting for I field byte. This state can be 
entered from state 20H or from states 
01 H, 08H, or 10H depending 
upon the 


SIU's mode configuration. 
(Each time a 


byte is received, 
it is pushed onto the top 


of the FIFO and the byte at the bottom 
is 


put into memory. 
For no FCS formatted 


frames, the FIFO is collapsed 
into a 


single register). 


30H 
Waiting for the closing flag after having 
overflowed 
the receive buffer. Note that 


even if the receive frame overflows 
the 


assigned 
receive buffer length, the FCS 


is still checked. 


Examples of SIUST status sequences for different frame 
formats are shown below. Note that status changes af- 
ter acceptance of the received field byte. 


The SIU is initialized by a reset signal (on pin 9), fol- 
lowed by write operations to the SIU SFRs. Once ini- 
tialized, the SIU can function in AUTO mode or NON- 
AUTO mode. Details are given below. 


Figure 6 is the SIU. Registers SMD, STS, and NSNR 
are cleared by reset. This puts the 8044 into an idle 
state-neither 
receiving nor transmitting. The follow- 


ing registers must be initialized before the 8044 leaves 
the idle state: 
STAD 
- 
to establish the 8044's SDLe station ad- 
dress. 
SMD 
- 
To configure the 8044 for the proper op- 
erating mode. 


RBS, RBL - 
to define the area in RAM allocated for 
the Receive Buffer. 


END·OF· 
FRAME 
FLEXIBLE 
MODE 


Once these registers have been initialized, the user may 
write to the STS register to enable the SIU to leave the 
idle state, and to begin transmits and/or receives. 


Setting RBE to I enables the SIU for receive. When 
RBE = I, the SIU monitors the received data stream 
for a flag pattern. When a flag pattern is found, the SIU 
enters Receive mode and receives the frame. 


Setting RTS to I enables the SIU for transmit. When 
RTS = I, the SIU monitors the received data stream 
for a GA pattern (loop configuration) or waits for a 
CTS (non-loop configuration). When the GA or CTS 
arrives, the SIU enters Transmit mode and transmits a 
frame. 


In AUTO mode, the SIU sets RTS to enable automatic 
transmissions of appropriate responses. 


STAT 
REG 
= RBE. FLAG 
STRT XMIT 
= RTS. (GTS. LOOP + GA.LOOPj 
WAIT 
= NOT (STRT 
REG + STRT XMITj 


Figure 7 illustrates the receive operations in AUTO 
mode. The overall operation is shown in Figure 7a. Par- 
ticular cases are illustrated in Figures 7b through 7j. If 
any Unnumbered Command other than UP is received, 
the AM bit is cleared and the SIU responds as if in the 
FLEXIBLE mode, by interrupting the CPU for super- 
vision. This will also happen if a BOY or SES condition 
occurs. If the received frame contains a poll, the SIU 
sets the RTS bit to generate a response. 


Figure 8 illustrateS' the transmit operations in AUTO 
mode. When the SIU gets the opportunity to transmit, 
and if the transmit buffer is full, it sends an I-frame. 
Otherwise, it sends an RR if the buffer is free, or an 
RNR if the buffer is protected. The sequence counters 
NS and NR are used to construct the appropriate con- 
trol fields. 


Figure 9 shows how the CPU responds to an SI (serial 
interrupt) in AUTO mode. The CPU tests the AM bit 
(in the STS register). If AM = 1, it indicates that the 
SIU has received either an I-frame, or a positive re- 
sponse to a previously transmitted I-frame. 


Figure 10 illustrates the receive operations in NON- 
AUTO mode. When the SIU successfully completes a 
task, it clears RBF and interrupts the CPU by setting 
SI to 1.The exact CPU response to SI is determined by 
software. A typical response is shown in Figure 11. 


Figure 12 illustrates the transmit operations in FLEX- 
IBLE mode. The SIU does not wait for a positive ac- 
knowledge response to the transmitted frame. Rather, it 
interrupts the CPU (by setting SI to 1) as soon as it 
finishes transmitting 
the frame. The exact CPU re- 


sponse to SI is determined by software. A typical re- 
sponse is shown in Figure 13. This response results in 
another transmit frame being set up. The sequence of 
operations shown in Figure 13 can also be initiated by 
the CPU, without an SI. Thus the CPU can initiate a 
transmission in FLEXIBLE mode without a poll, sim- 
ply by setting the RTS bit in the STS register. The RTS 
bit is always used to initiate a transmission, but it is 
applied to the RTS pin only when a non-loop configu- 
ration is used. 


The following facts should be noted: 
1) In a non-loop configuration, one or two bits are 


transmitted before the opening flag. This is neces- 
sary for NRZI synchronization. 


2) In a non-loop configuration, one to eight extra drib- 


ble bits are transmitted after the closing flag. These 
bits are a zero followed by ones. 


3) In a loop configuration, when a GA is received and 


the 
8044 begins 
transmitting, 
the 
sequence 
is 


01111110101111110 ... 
(FLAG, 
1, FLAG, 
AD- 


DRESS, etc.). The first flag is created from the GA. 
The second flag begins the message. 


4) CTS is sampled after the rising edge of the serial 


data, at about the center of the bit cell, except dur- 
ing a non-loop, externally clocked mode transmit, in 
which case it is sampled just after the falling edge. 


5) The SIU does not check for illegal I-fields. In partic- 


ular, if a supervisory command is received in AUTO 
mode, and if there is also an I-field, it will be loaded 
into the receive buffer (if RBP = 0), but it cannot 
cause a BOY. 


6) In relation to the Receive Buffer Protect facility, the 


user should set RFL to 0 when clearing RBP, such 
that, if the SIU is in the process of receiving a 
frame, RFL will indicate the proper value when re- 
ception of the frame has been completed. 


In AUTO mode, the SIU generates an RTS immediate- 
ly upon being polled. Assuming that the 8044 sends an 
information frame in response to the poll, the primary 
station sends back an acknowledgement. If, in this ac- 
knowledgement, the 8044 is polled again, a response 
may be generated even before the CPU gets around to 
processing the interrupt caused by the acknowledge. In 
such a case, the response would be an RR (or RNR), 
since TBF would have been set to 0 by the SIU, due to 
the acknowledge. 


If the system designer does not wish to take up channel 
time with RR responses, but prefers to generate a new 
I-frame as a response, there are several ways to accom- 
plish this: 
1) Operate the 8044 in FLEXIBLE mode. 
2) Specify that the master should never acknowledge 


and poll in one message. This is typically how a loop 
system operates, with the poll operation confined to 
the UP command. This leaves plenty of time for the 
8044 to get its transmit buffer loaded with new in- 
formation after an acknowledge. 


3) The 8044 CPU can clear RTS. This will prevent a 


response from being sent, or abort it if it is already 
in progress. A system using external RTS/CTS 
handshaking could use a one-shot delay RTS or 
CTS, thereby giving the CPU more time to disable 
the response. 
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Figure 7c. SIU AUTO Mode Receive 
Flowchart-Unnumbered 
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Figure 7e. SIU AUTO Mode Receive 
Flowchart-I 
Command: 
Prior 


Transmitted 
I·Fleld Confirmed, 
Current 
Received 
I-Field In Sequence 
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Figure 7f. SIU AUTO Mode Receive Flowchart-I 
Command: Prior 


Transmitted I-Field Not Confirmed, Current Received I-Field In Sequence 
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Figure 7g. SIU AUTO Mode Receive 
Flowchart-I 
Command: 


Sequence 
Error Send, Current 
Received 
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Figure 7h. SIU AUTO Mode Receive 
Flowchart-I 
Command: 
Prior Transmitted 
I-Field Confirmed 
Sequence 
Error Receive 
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Figure 7i. SIU AUTO Mode Receive Flowchart-I 
Command: 
Prior Transmitted 
I·Field Not Confirmed, Sequence Error Receive 
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Figure 7J.SIU AUTO Mode Receive Flowchart-I 
Command: 
sequence Error Send and Sequence Error Receive 
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Figure 13. FLEXIBLE Mode Response to Transmit "51" 


13·30 


inter 


9.0 
MORE DETAILS 
ON SIU 
HARDWARE 


The SIU divides functionally into two sections-a 
bit 


processor (BIP) and a byte processor (BYP}-sharing 
some common timing and control logic. As shown in 
Figure 14,the BIP operates between the serial port pins 
and the SIU bus, and performs all functions necessary 
to transmit/receive a byte of data to/from the serial 
data stream. These operations include shifting, NRZI 
encoding/decoding, zero insertion/deletion, and FCS 
generation/checking. The BYP manipulates bytes of 
data to perform message formatting, and other trans- 
mitting and receivingfunctions. It operates between the 
SIU bus (SIB) and the 8044's internal bus (IB). The 
interface between the SIU and the CPU involves an 
interrupt and some locations in on-chip RAM space 
which are managed by the BYP. 


The maximum possible data rate for the serial port is 
limited to '/2 the internal clock rate. This limit is im- 
posed by both the maximum rate of DMA to the on- 
chip RAM, and by the requirements of synchronizing 
to an external clock. The internal clock rate for an 8044 
running on a 12MHz crystal is 6 MHz. Thus the maxi- 
mum 8044 serial data rate is 3 MHz. This data rate 
drops down to 2.4 MHz when time is allowed for exter- 
nal clock synchronization. 


In the asynchronous (self clocked) modes the clock is 
extracted from the data stream using the on-chip digital 
phase-locked-loop(DPLL). The DPLL requires a clock 
input at 16 times the data rate. This 16 X clock may 
originate from SCLK, Timer 1 Overflow, or PH2 (one 
half the oscillator frequency). The extra divide by-two 
described above allows these sources to be treated alter- 
natively as 32 X clocks. 


The DPLL is a free-running four-bit counter running 
ofTthe 16 X clock. When a transition is detected in the 
receive data stream, a count is dropped (by suppressing 
the carry-in) if the current count value is greater than 8. 
A count is added (by injecting a carry into the second 
stage rather than the first) if the count is lessthan 8. No 
adjustment is made if the transition occurs at the count 
of 8. In this manner the counter locks in on the point at 
which transitions in the data stream occur at the count 
of 8, and a clock pulse is generated when the count 
overflows to o. 


In order to perform NRZI decoding, the NRZI decod- 
er compares each bit of input data to the previous bit. 
There are no clock delays in going through the NRZI 
decoder. 


The zero insert/delete circuitry (ZID) performs zero 
insertion/deletion, and also detects flags, GA's (Go- 
Ahead's), and aborts (same as GA's) in the data 
stream. The pattern 1111110 is detected as an early 
GA, so that the GA may be turned into a flag for loop 
mode transmission. 


The shut-ofTdetector monitors the receive data stream 
for a sequence of eight zeros, which is a shut-ofTcom- 
mand for loop mode transmissions. The shut-ofTdetec- 
tor is a three-bit counter which is cleared whenever a 
one is found in the receive data stream. Note that the 
ZID logic could not be used for this purpose, because 
the receivedata must be monitored even when the ZID 
is being used for transmission. 


As an example of the operation of the bit processor, the 
following sequence occurs in relation to the receive 
data: 
I) RXD is sampled by SCLK, lInd then synchronized 


to the internal processor clock (IPe). 


2) If the NRZI mode is selected, the incoming data is 


NRZI decoded. 
3) When receivingother than the flag pattern, the ZID 


deletes the '0' after 5 consecutive 'I's (during trans- 
mission this zero is inserted). The ZID locates the 
byte boundary for the rest of the circuitry. The ZID 
deletes the 'D's by preventing the SR (shift register) 
from receiving a clocking pulse. 


4) The FCS (which is a function of the data between 


the flags-not 
including the flags) is initialized and 


started at the detection of the byte boundary at the 
end of the opening flag. The FCS is computed each 
bit boundary until the closing flag is detected. Note 
that the received FCS has gone through the ZID 
during transmission. 


Figure 15 is a block diagram of the byte processor 
(BYP). The BYP contains the registers and controllers 
necessary to perform the data manipulations associated 
with SDLC communicatiops. The BYP registers may 
be read or written by the CPU over the 8044's internal 
bus (IB), using standard 8044 hardware register opera- 
tions. The 8044register select PLA controls these oper- 
ations. Three of the BYP registers connect to the IB 
through the IBS, a sub-bus which also connects to the 
CPU interrupt control registers. 
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Simultaneous access of a register by both the IB and the 
SIB is prevented by timing. In particular, RAM access 
is restricted to alternate internal processor cycles for 
the CPU and the SIU, in such a way that collisions do 
not occur. 


As an example of the operation of the byte processor, 
the following sequence occurs in relation to the receive 
data: 
I) Assuming that there is an address field in the frame, 
the BYP takes the station address from the register 
me into temporary storage. After the opening flag, 
the next field (the address field) is compared to the 
station address in the temporary storage. If a match 
occurs, the operation continues. 


2) Assuming that there is a control field in the frame, 


the BYP takes the next byte and loads it into the 
RCB register. The RCB register has the logic to 
update the NSNR register (increment receive count, 
set SES and SER flags, etc.). 


3) Assuming that there is an information field, the next 


byte is dumped into RAM at the RBS location. The 
DMA CNT (RBL at the opening flag) is loaded 
from the DMA CNT register into the RB register 
and decremented. The RFL is then loaded into the 
RB register, incremented, and stored back into the 
register file. 


4) This process continues until the DMA CNT reache~ 


zero, or until a closing flag is received. Upon either 
event, the BYP updates the status, and, if the CRC 
is good, the NSNR register. 
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An SIU test mode has been provided, so that the on- 
chip CPU can perform limited diagnostics on the SIU. 
The test mode utilizes the output latches for P3.0 and 
P3.l (pins 10 and 11). These port 3 pins are not useful 
as out-put ports, since the pins are taken up by the 
serial port functions. Figure 16shows the signal routing 
associated with the SIU test mode. 


Writing a 0 to P3.l enables the serial test mode (P3.l is 
set to I by reset). In test mode the P3.0 bit is mapped 
into the received data stream, and the 'write port 3' 
control signal is mapped into the SCLK path in place of 
TI. Thus, in test mode, the CPU can send a serial data 


stream to the SIU by writing to P3.0. The transmit data 
stream can be monitored by reading P3.I. Each succes- 
sive bit is transmitted from the SIU by writing to any 
bit in Port 3, which generates SCLK. 


In test mode, the P3.0 and P3.1 pins are placed in a 
high voltage, high impedance state. When the CPU 
reads P3.0 and P3.l the logic level applied to the pin 
will be returned. In the test mode, when the CPU reads 
3.1, the transmit data value will be returned, not the 
voltage on the pin. The transmit data remains constant 
for a bit time. Writing to P3.0 will result in the signal 
being outputted for a short period of time. However, 
since the signal is not latched, P3.0 will quickly return 
to a high voltage, high impedance state. 
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The serial test mode is disabled by writing a 1 to P3.1. 
Care must be taken that a 0 is never written to P3.1 in 
the course of normal operation, since this causes the 
test mode to be entered. 


Figure 17 is an example of a simple program segment 
that can be imbedded into the user's diagnostic pro- 
gram. That example shows how to put the 8044 into 
"Loop-back mode" to test the basic transmitting and 
receiving functions of the SIU. 


Loop-back mode is functionally equivalent to a hard- 
wire connection between pins 10 and lion 
the 8044. 


In this example, the 8044 CPU plays the role of the 
primary station. The SIU is in the AUTO mode. The 
CPU sends the SIU a supervisory frame with the poll 
bit set and an RNR command. The SIU responds with 
a supervisory frame with the poll bit set and an RR 
command. 


Interrupts 
are disabled, and the self test mode is en- 


abled by writing a zero to P3.1. This establishes P3.0 as 
the data path from the CPU to the SIU. CTS (clear-to- 
send) is enabled by writil)g a zero to PI. 7. The station 
address is initialized by writing 08AH into the STAD 
(station address register). 


The SIU is configured for receive operation in the 
clocked mode and in AUTO mode. The CPU then 


transmits a supemsory trame. 1ms name conSIStSor an 
opening flag, followed b~the station address, a control 
field indicating that this is a supervisory frame with an 
RNR command, and then a closing flag. 


Each byte of the frame is transmitted by writing that 
byte into the A register and then calling the subroutine 
XMIT8. Two additional SCLKs are generated to guar- 
antee that the last bits in the frame have been clocked 
into the sm. Finally the CPU reads the status register 
(STS). If the operation has proceeded correctly, the 
status will be 072H. If it is not, the program jumps to 
the ERROR loop and terminates. 


The sm generates an SI (SIU interrupt) 
to indicate 


that it has received a frame. The CPU clears this inter- 
rupt, and then begins to monitor the data stream that is 
being generated by the SIU in response to what it has 
received. As each bit arrives (via P3.1), it is moved into 
the accumulator, and the CPU compares the byte in the 
accumulator 
with 07ER, which is the opening flag. 


When a match occurs, the CPU identifies this as byte 
boundary, 
and thereafter 
processes the information 


byte-to-byte. 


The CPU calls the RCV8 subroutine to get each byte 
into the accumulator. The CPU performs compare op- 
erations on (successively) the station address, the con- 
trol field (which contains the RR response), and the 
closing flag. If any of these do not compare, the pro- 
gram jumps to the ERROR loop. If no error is found, 
the program jumps to the DONE loop. 
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21 
OOIF 
120006 
22 
0022 
747£ 
23 
0024 120006 
24 
0027 0210 
25 
0029 0280 
26 
27 
0021 
E~B 
28 
0020 
.472211 
~ 
30 
3. 
32 
33 
34 
0030 
Cilee 
35 
0032 
7400 
3b 
0034 
780C 
37 
38 
3. 
40 
0036 
0210 
41 
0038 
11211 
42 
0031\ 
13 
43 
0031 
847£03 
44 
003£ 
020046 
45 
0041 
OlF3 
46 
0043 
02005" 
47 
48 
4. 
0046 
laoo:te 
50 
0049 
148AOE 
51 
004C 
1200!tC 
52 
004F 
84810B 
53 
0052 
12005<: 
54 
00" 
147£02 
55 
50 
0058 
80FE 
57 
58 
005" 
l!!IOFE 
5. 
bO 
6. 
OOK 
7B08 
62 
005£ 
0210 
63 
0060 
11211 
64 
0062 
13 
65 
0063 
OSF'f 
6•• 
0065 
22 
"7 
68 
••• 
70 
0066 
1B09 
7. 
0068 
13 
72 
73 
0069 
0801 
74 
0061 
22 
75 
76 
006C 
4004 
77 
78 
006E 
C210 
7. 
0070 
BOF6 
80 
8' 


0072 
D280 
82 
0074 
SOFa 
83 
84 


B1S •• 
OOH 
P3.1 
P1. 7 
STAO. 
e8AH 


En.ble 
•• 1' 
t ••t .-od. 
En.ble 
eTB 
)niiieUI: 
•• 
t1'r ••• 


NBNR. 
e.AH 
•• D. 
e01H 
8T8. 
eOC2H 


NSCS)-3. 
SE8-0. "'($)-'. 
BER-a 
I 
NFCS-l 
TIF-I. 
RIE-.. 
M-l 


SEND: 
IOOV 
A. 
17EH 
Th. 
SIU 
"'eceiv 
••• 
fl., 
Ii".t 
CALL 
l("IT8 
lOllY 
A• 
• 8•••• 
Th. 
.111111" 
••• 
,. 
ne.t 
CALL 
X"IT8 
IOOV 
A. 
' •• 5H 
•••• SUP 
FRAI'E .it ••P/F-l_ 
NA(P)-4 
CALL 
l("ITB 
IOOV 
A. 
17EH 
R.e.iv. 
elos1n, 
n., 
CALL 
l("IT8 
SETa 
P3.0 
O.n.".t 
••• 
t"a 
BeL'" -. 
to 
SETa 
P3.0 
, 
Initi.t. 
".c.tv 
•• 
ction 


lOllY 
A. 
STS 
Ch.el 
fo •.• 
pp"o,"iat. 
.t.tu. 
CJNE 
A. 
.721-4. 
ERRDA 


81 
A. 
IOOH 
R3 •• 
Ia 


i 
Cl •• " 
SI 
Cl •• 
,. 
ACC 


j 
T"lj! la u ••• 


WFLAQl· 
SETa 
P3.0 
j 
SeLl( 
IOOV 
C. 
P3 
I 
j 
T".n 
•• ' tt 
••• 
"ata 
•• C 
A 
CJNE 
A• 
• 07EH. 
WFLOI 
...... 
CNTINU 
WFLQI· 
DJNZ 
.3. 
WFLAOI 
...... 
ERROR 


CNTINU: 
CALL 
Rcve 
, 
O.t 
81V'. 
T".n 
•• l tte 
• ..."... fieU 
CJNE 
A. 
IOBAH. 
ERROR 
CALL 
Revs 
P"i· 
••. lJ e.,.ct. 
to 
".ceiv. 
•• '''0. SIV 


CJNE 
A. 
IOItH. 
ERROR 
CALL 
Revs 
R.c.iv. 
clostn. 
l1a, 
CJNE 
A. 
I07EH. 
ERROR 


DONE, 
...... 
DONE 


ERROR: 
...... 
ERROR 


HCve· 
IOOV 
.0. - 


Initi.lize 
.h. 
lIit 
count." 
OETBIT: 
8ETa 
P3.0 
SCLK 
lOllY 
C. 
P3.1 
T".n 
•• ' tt 
••• 
"at. 
•• C 
A 
DJNl 
.0. 
CETIIT 
.ET 


XHIT9: 


""" 
•0. •• 
Initialize 
• h• ••• 
count 
••. 
L3: 
•• C 
A 
Put 
tho ••• to .. t".ns.itt 
••• 
.n the 
Ca,. •.V 
DJNl 
.0. 
LI 
When 
.11 
••it. 
have 
•••• n 
•• nt 
.ET 
".tu"n 


ll: 
.Ie 
L2 
If 
• h. 
e.""", 
bit .. •• t • ... 
po •.t 
P3.0 .h. 
CL. 
P3 
0 
. c 1•• " 
,o •.t 
P3.0 
...... 
L3 


L2 
SETa 
"3.0 
...... 
L3 
.n' 
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1.0 INTERFACING 
THE 8044 TO A 


MICROPROCESSOR 


The 8044 is designed to serve as an intelligent control- 
ler for remote peripherals. However, it can also be used 
as an intelligent HDLC/SDLC 
front end for a micro- 


processor, capable of extensively off-loading link con- 
trol functions for the CPU. In some applications, the 
8044 can even be used for communications preprocess- 
ing, in addition to data link control. 


This section describes a sample hardware interface for 
attaching the 8044 to an 8088. It is general enough to 
be extended to other microprocessors such as the 8086 
or the 80186. 


A sample interface is shown in Figure 1. Transmission 
occurs when the 8088 loads a 64 byte block of memory 
with some known data. The 8088 then enables the 
8237A to DMA this data to the 8044. When the 8044 
has received all of the data from the 8237A, it sends the 
data in a SDLC frame. The frame is captured by the 
Spectron Datascope™* 
which displays it on a CRT in 


hex format. 


In reception, the Datascope sends a SDLC information 
frame to the 8044. The 8044 receives the SDLC frame, 
buffers it, and sends it to the 8088's memory. In this 
example the 8044 is being operated in the NON-AUTO 
mode; therefore, it does not need to be polled by a pri- 
mary station in order to transmit. 


The 8044 does not have a parallel slave port. The 
8044's 32 I/O lines can be configured as a local micro- 
processor bus master. In this configuration, the 8044 
can expand the ROM and RAM memory, control pe- 
ripherals, and communicate with a microprocessor. 


The 8044,like the 8051, does not have a Ready line, so 
there is no way to put the 8044 in wait state. The clock 
on the 8044 cannot be stopped. Dual port RAM could 
still be used, however, software arbitration 
would be 


the only way to prevent collisions. Another way to in- 
terface the 8044 with another CPU is to put a FIFO or 
queue between the 'two processors, and this was the 
method chosen for this design. 


Figure 2 shows the schematic of the 8044/8088 inter- 
face. It involves two 8-bit tri-state latches, two SR flip- 
flops, and some logic gates (6 TTL packs). The circuit- 
ry implements a one byte FIFO. RS422 transceivers are 
used, which can be connected to a multidrop link. Fig- 


*Datascope is a trademark of Spectron Inc. 


ure 3 shows the 8088 and support circuitry; the memo- 
ry and decoders are not shown. It is a basic 8088 Min 
Mode system with an 8i37A DMA controller and an 
8259A interrupt controller. 
. 


DMA Channel One transfers a block of memory to the 
tri-state latch, while Channel Zero transfers a block of 
data from the latch to 8088's memory. The 8044's In- 
terrupt 0 signal vectors the CPU into a routine which 
reads from the internal RAM and writes to the latch. 
The 8044's Interrupt 
I signal causes the chip to read 


from the latch and write to its on-chip data RAM. Both 
DMA requests and acknowledges are active low. 


Initially, when the power is applied, a reset pulse com- 
ing from the 8284A initializes the SR flip-flops. In this 
initialization state, the 8044's transmit interrupt 
and 


the 8088's transmit DMA request are active; however, 
the software keeps these signals disabled until either of 
the two processors are ready to transmit. The software 
leaves the receive signals enabled, unless the receive 
buffers are full. In this way either the 8088 or the 8044 
are always ready to receive, but they must enable the 
transmit signal when they have prepared a block to 
transmit. After a block has been transmitted 
or re- 


ceived, the DMA and interrupt signals return to the 
initial state. 


The receive and transmit buffer sizes for the blocks of 
data sent between the 8044 and the 8088 have a maxi- 
mum fixed length. In this case the buffer size was 64 
bytes. The buffer size must be less than 192 bytes to 
enable 8044 to buffer the data in its on-chip RAM. This 
design allows blocks of data that are less than 64 bytes, 
and accommodates networks that allow frames of vary- 
ing size. The first byte transferred between the 8088 
and the 8044 is the byte count to follow; thus the 8044 
knows how many bytes to receive before it transmits 
the SDLC frame. However, when the 8044 sends data 
to the 8088's memory, the 8237A will not know if the 
8044 will send less than the count the 8237A was pro- 
grammed for. To solve this problem, the 8237A is oper- 
ated in the single mode. The 8044 uses an I/O bit to 
generate an interrupt 
request to the 8259A. In the 


8088's interrupt 
routine, the 8237A's receive DMA 


channel is disabled, thus allowing blocks of data less 
than 64 bytes to be received. 


The software for the 8044 and the 8088 is shown in 
Table 1. The 8088 software was written in PL/M86, 
and the 8044 software was written in assembly lan- 
guage. 


The 8044 software begins by initializing the stack, in- 
terrupt priorities, and triggering types for the inter- 
rupts. At this point, the SIU parameter registers are 


inter 


,----- 
I 
I 
I 
I 
I 
I 
I 
I 


initialized. The receive and transmit buffer starting ad- 
dresses and lengths are loaded for the on-chip DMA. 
This DMA is for the serial port. The serial station ad- 
dress and the transmit control bytes are loaded too. 


Once the initialization has taken place, the SIU futer- 
rupt is enabled, and the external interrupt which re- 
ceives bytes from the 8088 is enabled. Setting the 8044's 
Receive Buffer Empty (RBE) bit enables the receiver. If 
this bit is reset, no serial data can be received. The 8044 
then waits in a loop for either RECEIVE DMA inter- 
rupt or the SERIAL INT interrupt. 


The 
RECEIVE 
DMA 
interrupt 
occurs 
when 
the 


8237A is transferring a block of data to the 8044. The 
first time this interrupt occurs, the 8044 reads the latch 
and loads the count value into the R2 register. On sub- 
sequent interrupts, the 8044 reads the latch, loads the 
data into the transmit 
buffer, and decrements 
R2. 


When R2 reaches zero, the interrupt routine sends the 
data in' an SDLC frame, and disables the RECEIVE 
DMA interrupt. After the frame has been transmitted, 
a serial interrupt is generated. The SERIAL INT rou- 
tine detects that a frame has been transmitted and re- 
enables the RECEIVE DMA interrupt. Thus, while the 
frame is being transmitted through the SIU, the 8237A 
is inhibited from sending data to the 8044's transmit 
buffer. 


The TRANSMIT DMA routine sends a block of data 
from the 8044's receive buffer to the 8088's memory. 


Normally this interrupt remains disabled. However, if a 
serial interrupt occurs, and the SERIAL INT routine 
detects that a frame has been received, it calls the 
SEND subroutine. The SEND subroutine loads the 
number of bytes which were received in the frame into 
the receive buffer. Register R I points to the receive 
buffer and R2 is loaded with the count. The TRANS- 
MIT DMA interrupt is enabled, and immediately upon 
returning from the SERIAL INT routine, the interrupt 
is acknowledged. Each time the TRANSMIT DMA in- 
terrupt occurs, a byte is read from the receive buffer, 
written to the latch, and R2 is decremented. When R2 
reaches 0, the TRANSMIT DMA interrupt is disabled, 
the SIU receiver is re-enabled, and the 8044 interrupts 
the 8088. 


For the software shown in Table I, the transfer rate 
from the 8088's memory to the 8044 was measured at 
75K bytes/sec. This transfer rate largely depends upon 
the number of instructions in the 8044's interrupt serv- 
ice routine. Fewer instructions result in a higher trans- 
fer rate. 


There are many ways of interfacing the 8044 locally to 
another microprocessor: FIFO's, dual port RAM with 
software arbitration, and 8255's are just a few. Alterna- 
tive approaches, which may be more optimal for certain 
applications, are certainly possible. 


OACK. 


lOR 
OACKI 


lOW 


Of 
01 
02 
03 
D4 
05 
De 
07 
A' 
~ 
212. 


A3 
:; 
PI 


A' 
A7 
A' 
A' 
AI' 
CEJA'2 
WE/WA 
aMID 


+5 
ROYRESET 
MN/MX 
CL!L 


RD 
IOLM 
WA 


8088 
AD7 
ADI 
ADS 
AD4 
:g~ 
AD1 
A13 
A11 ADt 
A15 
A12 
At 


STB OE 
DI7 
D07 
DIS 
D06 
DI5 F1 DOS 
g:;..gg; 
g:~: ~ 
DII 
Dot 


(MIN) 


TEST 


INTR 


OE 
STB 
DI7 
D07 
g= Gl gg: 
g~:;:gg; 
DI2 ::: D02 
011 
D01 
DII 
D06 


MEMR 
lOR 
ME_ 
lOW 


DREot 


DI 
g:~~ 
8237.2 
DACK1 
DREQ2 


A 
8 
D7 D5 D3 D1 g:~~ 
DIlD4D2Dt 


DREot 
DACKI 
DREQ1 
DACK1 
DREQ2 
DACK2 


+5<514.745SMHI 


SYS INt14 
5IOK 
RESET 
1 
rl" 110 
RES 
T 
82 
PCLll 
PClK 
9 
8284 


CSYNC 
ClK 
F/C 
RDY2 
RST 
AFM1 
AEN2 
RDY 


LOC 
OBJ 
LINE 
SOURCE 


I 
Sdebug 
title 
(8044/8088 
INTERFACE) 


2 
3 
0000 
4 
FIRST-BYTE 
BIT 
0 
; FLAG 


5 
0000 
6 
ORG 
0 
00008024 
7 
SJMP 
INIT 


8 
0026 
9 
ORG 
26H 


10 
0026 758 IAA 
II 
INIT: 
MOV 
SP,NI70 
; INITIALIZE 
STACK 


0029 75B800 
12 
MOV 
IP, NOO 
; ALL INTERRUPTS 
ARE EQUAL 
PRIORITY 
002C 
75C954 
13 
MOV 
SMD, N54H 
; TIMER 
I OVERFLOW, 
NRZI, 
PRE-FRAME 
SYNC 
002F 
758844 
14 
MOV 
TCON, 
N44H 
; EDGE TRIGGERED 
EXTERNAL 
INTERRUPT 
I 
15 
; LEVEL TRIGGERED 
EXTERNAL 
INTERRUPT 
0 
16 
;TIMER 
1 ON 


0032 758DEC 
17 
MOV 
THI, 
NOECH 
; INITIALIZE 
TIMER, 
3125 BPS 
0035 758920 
18 
MOV 
TMOD,nOH 
; TIMER 
I AUTO RELOAD 


19 
0038 75DC6A 
20 
MOV 
TBS, NI06 
; SET UP SIU PARAMETER 
REGISTERS 
003B 75DB40 
21 
MOV 
TBL, N64 


003E 
75CC2A 
22 
MOV 
RBS. N42 


0041 75CB40 
23 
MOV 
RBL. N64 


0044 75CE55 
24 
MOV 
STAD. N55H 


0047 75DA I I 
25 
MOV 
TCB. NOOO1000 1B ; RR. P/F= 
I 


26 
004A 901000 
27 
MOV 
DPTR, NlOOOH 
; DPTR POINTS 
TO TRI-STATE 
LATCH 
004D 
D200 
28 
SETB 
FIRST-BYTE 
; FLAG TO INDICATE 
FIRST 
BYTE 
29 
; FOR RECEIVE 
INTERRUPT 
ROUTINE 
004F 
D2CE 
30 
SETB 
RBE 
; READY TO RECEIVE 


0051 75A894 
31 
MOV 
IE, N10010100B 
; ENABLE 
RECEIVE 
DMA AND SIU INTERRUPT 
32 
0054 80FE 
33 
SJMP 
S 
; WAIT HERE FOR INTERRUPTS 


34 
0056 80FE 
35 
ERROR: 
SJMP 
ERROR 


36 + 1 SEJ 


0058 
85CD29 
005B 
7929 
0050 
AACD 
005F 
OA 
0060 
D2A8 
0062 
22 


0063 
0013 
0013 020063 
0063 


MOV 
MOV 
MOV 
INC 
SETB 
RET 


41. RFL 
RI, 
N41 
R2, RFL 
R2 
EXO 


; FIRST BYTE IN BLOCK IS COUNT 
; POINT TO BLOCK OF DATA 
; LOAD COUNT 


LOCTMPSE;T 
ORG 
LJMP 
ORG 


S 
; SET UP INTERRUPT 
TABLE JUMP 
0013H 
RECEIVLDMA 
LOCTMP 


inter 


Table 1. Transmit 
and Receive 
Software 
for an 8044/8088 
System 
(Continued) 


56 
57 
58 
59 
60 
61 
62 
63 
64 


65 
66 


67 
68 
69 
70 


71 
72 
73 
74 


75 


76 
77 


78 
79 
80 


81 


0066 
EO 
0067 
F6 
0068 
08 
0069 
DA08 


006B 
D2CF 
006D 
DKD 
006F 
D200 
0071 
C2AA 


0076 
EO 
0077 
FA 
0078 
32 


0079 
0003 
0003 
020079 
0079 


82 
83 
0079 
E7 
84 
007A 
FO 
85 
007B 
09 
86 
007C 
DA08 
87 


88 
007E 
C2A8 
89 
0080 
C294 
90 
0082 
D294 
91 


0084 
D2CE 
92 
93 
0086 
32 
94 
95 
96 
97 
0087 
98 
0023 
99 
0023 
020087 
100 
0087 
101 
102 
103 
104 
0087 
30CE06 
105 
008A 
3OCFOB 
106 
008D 
020056 
107 
108 
009020CBO 
109 
0093 
1158 
110 
0095 
C2ce 
III 
0097 
32 
112 
113 
0098 
C2CC 
114 


LOLTMPSET 
ORG 
LJMP 
ORG 


MOY 
MOYX 
INC 
DJNZ 


CLR 
CLR 
SETB 
SETB 


MOYX 
MOY 
INC 
DJNZ 


A.@DPTR 
@RO.A 
RO 
R2. L2 


SETB 
SETB 
SETB 
CLR 


TBF 
RTS 
FIRSLBYTE 
EXI 


MOVX 
A. @DPTR 
MOV 
R2. A 
RETI 


$ 
ooo3H 
TRANSMILDMA 
LOLTMP 


A.@RI 
@DPTR.A 
RI 
R2. L3 


IE. 0 
PI. 4 
PI. 4 


RBE 


LOLTMPSET 
$ 
ORG 
0023H 
LJMP 
SERIALINT 
ORG 
LOCTMP 


SERIALINT: 


JNB 
RBE. 
RCY 
JNB 
TBF. 
XMIT 
LJMP 
ERROR 


RCV: 
JB 
BOY. ERROR 
CALL 
SEND 
CLR 
SI 
RETI 


XMIT: 
CLR 
SI 


14-6 


; READ 
THE 
LATCH 
; PUT 
IT IN TRANSMIT 
BUFFER 


; RO IS A POINTER 
TO THE 
TRANSMIT 
; BUFFER 
STARTING 
ADDRESS 
; PUT THE 
FIRST 
BYTE 
INTO 
; R2 FOR THE 
COUNT 


; READ 
BYTE 
OUT 
OF THE 
RECEIVE 
BUFFER 
; WRITE 
IT TO THE 
LATCH 


; DISABLE 
INTERRUPT 


; CAUSE 
8088 INTERRUPT 
TO TERMINATE 
DMA 


; WAS A FRAME 
RECEIYED 
; WAS A FRAME 
TRANSMITTED 


; IF NEITHER 
ERROR 


; IF BUFFER 
OVERRUN 
THEN 
ERROR 


; SEND 
THE 
FRAME 
TO THE 
8088 


009A 
D2AA 
115 
SETB 
EXI 


009C 
32 
116 
RETI 


117 


118 
END 


SYMBOL 
TABLE 
LISTING 


NAME 
TYPE 
VALUE 
ATTRIBUTES 


BOV 
B ADDR 
OOC8H.J 
A 


ERROR 
C ADDR 
0056H 
A 


EXO 
B ADDR 
OOA8H.0 
A 


EXI 
B ADDR 
OOA8H.2 
A 


FIRST_BYTE 
B ADDR 
0020H.0 
A 


IE 
D ADDR 
00A8H 
A 


IN IT 
C ADDR 
0026H 
A 


IP 
D ADDR 
OOB8H 
A 


Ll 
C ADDR 
0074H 
A 


L2 
C ADDR 
007JH 
A 


LJ 
C ADDR 
0086H 
A 


LOLTMP 
C ADDR 
0087H 
A 


PI 
D ADDR 
0090H 
A 


RBE 
B ADDR 
OOC8H.6 
A 


RBL 
D ADDR 
OOCBH 
A 


RBS 
D ADDR 
OOCCH 
A 


RCV 
C ADDR 
0090H 
A 


RECEIVE-DMA 
C ADDR 
006JH 
A 


RFL 
D ADDR 
OOCDH 
A 


RTS 
B ADDR 
OOC8H.5 
A 


SEND 
C ADDR 
0058H 
A 


SERIALINT 
C ADDR 
0087H 
A 


SI 
B AD DR 
OOC8H.4 
A 


SMD 
D ADDR 
OOC9H 
A 


SP 
D ADDR 
0081H 
A 


STAD 
D ADDR 
OOCEH 
A 


TBF 
B ADDR 
OOC8H.7 
A 


TBL 
D ADDR 
OODBH 
A 


TBS 
D ADDR 
OODCH 
A 


TCB 
D ADDR 
OODAH 
A 


TCON 
D ADDR 
0088H 
A 


THI 
D ADDR 
008DH 
A 


TMOD 
D ADDR 
0089H 
A 


TRANSMILDMA 
C ADDR 
0079H 
A 


XMIT 
C ADDR 
0098H 
A 


REGISTER 
BANK(S) 
USED: 
O. TARGET 
MACHINE(S): 
8044 


ASSEMBLY 
COMPLETE. 
NO ERRORS 
FOUND 


296166-71 


inter 


SERIES-III 
PL/M-B6 
VI 
0 
COMPILATION 
OF MODULE RUPI_BB 


OB~ECT 
MODULE PLACED 
IN 
·FI·RBB.OB~ 


COMPILER 
INVOKED 
BY: 
PLMB6.B6 
:FI 
RBB. SRC 


RUPI_BB: 
DO. 


DECLARE 


LIT 
TRUE 
FALSE 


RECV_BUFFER(64l 
XMIT _BUFFER (64 l 
I 
WAIT 


MASTER_CLEAR_37 
COI'1t1AND_37 
ALL_MASK_37 
SINQLE_MASK_37 
STATUS_37 
REOUEST REQ 37 
MODE_REQ_37- 
CLEAR_BYTE_PTR_37 


CHO_ADDR 
CHO_COUNT 
CHI_ADDR 
CHI_COUNT 
CH2_ADDR 
CH2_COUNT 
CH3_ADDR 
CH3_COUNT 


LITERALLY 
LIT 
LIT 


BYTE. 
BYTE. 
BYTE, 
BYTE. 


'LITERALLY' 
• 
'OIH', 
'OOH', 


'OFFDDH', 
'OFFD8H', 
'OFFDFH', 
'OFFDAH', 
'OFFD9H', 
'OFFD9H', 
'OFFDBH' 
, 
'OFFDCH' 
, 


'OFFDOH', 
'OFFDIH' 
, 


'OFFD2H', 
'OFFD3H', 
'OFFD4H', 
'OFFD:lH' 
, 
'OFFD6H', 
'OFFD7H', 


CHO_SEL 
CHI_SEL 
CH2_SEL 
CH3_SEL 
WRITE_XFER 
READ_XFER 
DEMAND_MODE 
SINQLE_I1ODE 
BLOCK_MODE 
SET_MASK 


STATUS]OLL_~9 
ICWI_~9 
OCWI_~9 
OCW2_~9 
OCW3_~9 
ICW2_~9 
ICW3_~9 
ICW4_~9 


'OOH', 
'OIH', 
'02H', 
'03H', 
'04H', 
'OSH', 
'OOH', 
'4OH', 
'SOH', 
'04H', 


'OFFEOH', 
'OFFEOH', 
'OFFEIH' 
, 
'OFFEOH', 
'OFFEOH', 
'OFFEIH', 
'OFFEIH', 
'OFFEIH' 
, 


OUTPUT (SINQLE_MASK_37 
l-40H, 
WAIT-FALSE, 
END, 


inter 


OUTPUTIMASTER_CLEAR_37I 
OUTPUT 
CCDMMAND_37 
I 


OUTPUT 
IALL_MASK_37) 


OUTPUT 
lMODE_REQ_37 
I 
OUTPUT 
IMODE_REQ_37) 


OUTPUT 
ICLEAR_BYTE_PTR_37 
I 


OUTPUTICHO_ADDRl 
OUTPUT 
ICHO-ADDRI 


OUTPUTICHO_COUNTl 
OUTPUTICHO_COUNTI 
OUTPUTICHI_ADDR) 
OUTPUTICHI_ADDR) 
OUTPUTICHI_COUNTI 
OUTPUTICHI_COUNT) 


-0. 
-04OHJ 
-OFH. 
-ISINQLE_MODE 
OR 
WRITE_XFER 
OR 
CHO_SELl. 


-ISINQLE_MODE 
OR 
READ_XFER 
OR 
CHI_SELl' 
-0, 
-OOHI 
-4OHJ 
-641 
-00; 
-40Hi 
- .• OHJ 
-641 
-001 


OUTPUT< 
ICWI_'9) 


OUTPUT 
IICW2 
'91 


OUTPUT 
IICW4:'91 


OUTPUTIOCWI_'91 


_E.JECT 
CALL 
SET_INTERRUPT 


-13H. 
I-SINQLE 
MODE. 
EDQE 
TRIQQERED 


INPUT, 
BOBb 
INTERRUPT 
TYPE-I 


-2OH. 
I-INTERRUPT 
TYPE 
32-1 
-03H. 
I_AUTO-EOI_I 
-OFEH' 
I~NA'LE 
INTERRUPT 
LEVEL 
0_1 


2B 
I 
29 
2 
30 
2 


DO 
I- 
I TO 
b4, 
I_ 
FILL 
UP 
THE 
XMIT_BUFFER 
WITH 
DATA 
_I 
XMIT_BUFFERI 
I I-I, 


END. 


OUTPUTCALL_MASK_37)-OFCH, 


ENABLE. 


33 
I 
34 
I 
3' 
2 


WAIT-TRUE. 
DO 
WHILE 
WAIT. 
END. 


CODE 
AREA 
SIZE 
- 
OOD7H 
21'D 


CONSTANT 
AREA 
SIZE 
- 
OoaOH 
OD 


VARIABLE 
AREA 
SIZE 
- 
OOB2H 
130D 


MAXIMUM 
STACK 
SIZE 
- 
OOIEH 
30D 


124 
LINES 
READ 
o 
PROQRAM 
WARNINQS 
o 
PROQRAM 
ERRORS 


I- 
A 
BLOCK 
OF 
DATA 
WILL 
BE 
TRANSFERRED 
TO 
THE 
RUPI. 


WHEN 
THE 
RUPI 
RECEIVES 
A 
BLOCK 
OF 
DATA 
IT WILL 


SEND 
IT 
TO 
THE 
BOBB 
I1EMORY 
AND 
INTERRUPT 
THE 
BOBB. 


THE 
INTERRUPT' 
SERVICE 
ROUTINE 
WILL 
SHUT 
OFF 
THE 
DMA 


CONTROLLER 
AND 
SET 
'WAIT' 
FALSE 
H 


inter 


A HIGH PERFORMANCE 
NETWORK 
USING THE 8044 


This section describes the design of an SOLC data link 
using the 8044 CRUPI) to implement a primary station 
and a secondary station. The design was implemented 
and tested. The following discussion assumes that the 
reader understands the 8044 and SOLC. This section is 
divided into two parts. First the data link design exam- 
ple is discussed. Second the software modules used to 
implement the data link are described. To help the 
reader understand the discussion of the software, flow 
charts and software listings are displayed in Appendix 
A and Appendix B, respectively. 


This particular data link design example uses a two 
wire half-duplex multidrop topology as shown in Fig- 
ure 4. In an SOLC multidrop topology the primary 
station communicates with each secondary station. The 
secondary stations communicate only to the primary. 
Because of this hierarchial architecture, the logical to- 
pology for an SOLC multidrop is a star as shown in 
Figure 5. Although the physical topology of this data 
link is multidrop, the easiest way to understand 
the 


information flow is to think of the logical (star) topolo- 
gy. The term data link in this case refers to the logical 
communication pathways between the primary station 
and the secondary stations. The data links are shown in 
Figure 5 as two way arrows. 


The application example uses dumb async terminals to 
interface to the SOLC network. Each secondary station 
has an async terminal connected to it. The secondary 
stations are in effect protocol converters which allows 
any async terminal to communicate with any other 
async terminal on the network. The secondary stations 
use an 8044 with a UART to convert SOLC to async. 
Figure 6 displays a block diagram of the data link. The 
primary station, controls the data link. In addition to 
data link control the primary provides a higher level 
layer which is a path control function or networking 
layer. The primary serves as a message exchange or 
switch. It receives information from one secondary sta- 
tion and retransmits it to another secondary station. 
Thus a virtual end to end connection is made between 
any two secondary stations on the network. 


Three separate software modules were written for this 
network. The first module is a Secondary Station Oriv- 
er (SSO) which provides an SOLC data link interface 
and a user interface. This module is a general purpose 
driver which requires application software to run it. 


The user interface to the driver provides four functions: 
OPEN, CLOSE, TRANSMIT, 
and SIU_RECV. 
Us- 


ing these four functions properly will allow any applica- 
tion software to communicate over this SOLC data link 
without knowing the details of SOLC. The secondary 
station driver uses the 8044's AUTO mode. 


The second module is an example of application soft- 
ware which is linked to the secondary station driver. 
This module drives the 8215A, buffers data, and inter- 
faces with the secondary station driver's user interface. 


The third module is a primary station, which is a stand- 
alone program (Le., it is not linked to any other mod- 
ule). The primary station uses the 8044's NON-AUTO 
or FLEXIBLE 
mode. In addition to controlling the 


data link it acts as a message switch. Each time a sec- 
ondary station transmits a frame, it places the destina- 
tion address of the frame in the first byte of the infor- 
mation or I field. When the primary station receives a 
frame, it removes the first byte in the I field and re- 
transmits the frame to the secondary station whose ad- 
dress matches this byte. 


This network provides two complete layers of the OSI 
(Open Systems Interconnection) 
reference model: the 


physical layer and the data link layer. The physical lay- 
er implementation uses the RS-422 electrical interface. 
The mechanical medium consists of ribbon cable and 
connectors. The data link layer is defined by SOLC. 
SOLe's use of acknowledgements and frame number- 
ing guarantees that messages will be received in the 
same order in which they were sent. It also guarantees 
message integrity over the data link. However this net- 
work will not guarantee secondary to secondary mes- 
sage delivery, since there are acknowledgements be- 
tween secondary stations. 


The schematic of the hardware is given in Figure 7. The 
8251A is used as an async communications controller, 
in support of the 8044. TxRDY and RxRDY on the 
8251A are both tied to the two available external inter- 
rupts of the 8044 since the secondary station driver is 
totally interrupt driven. The 8044 buffers the data and 
some variables in a 2016 (2K x 8 static RAM). The 
8254 programmable interval timer is employed as a 
programmable baud rate generator and system clock 
driver for the 8251A. The third output from the 8254 
could be used as an external baud rate generator for the 
8044. The 2732A shown in the diagram was not used 


inter 


since the software for both the primary and secondary 
stations used far less than the 4K bytes provided on the 
8744. For the async interface, the standard RS-232 me- 
chanical and electrical interface was used. For the 
SDLC channel, a standard two wire three state RS-422 
driver is used. A DIP switch connected to one of the 
available ports on the 8044 allows the baud rate, parity, 
and stop bits to be changed on the async interface. The 
primary station hardware does not use the USART, 
8254, nor the RS-232 drivers. 


The SDLC commands and responses implemented in 
the data link include the SDLC Basic Repertoire as 
defined in the IBM SDLC General Information manu- 
al. Table 3 shows the commands and responses that the 
primary and the secondary station in this data link de- 
sign recognize and send. 


PRIMARY 
, , 


STATION 


SECONDARY 
SECONDARY 
SECONDARY 


STATION 
STATION 
STATION 


inter 


inter 


Figure 7. Schematic of Async/SDLC Secondary Station Protocol Converter 
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~_.L 
r 
Responses 
Implemented 
for This Design 


Responses 
Commands 
Recognized 
Sent 


Unnumbered 
UA 
SNAM 
OM 
DISC 
FAMA 


'AD 


Supervisory 
AA 
AA 
ANA 
ANA 


Information 
I 
I 


Commands 
Responses 
Recognized 
Sent 


Unnumbered 
SNAM 
UA 
DISC 
OM 


'TEST 
FAMA 
'AD 
'TEST 


Supervisory 
AA 
AA 
ANA 
ANA 
AEJ 


Information 
I 
I 


The term command specifically means all frames which 
the primary station transmits and the secondary sta- 
tions receive. Response refers to frames which the sec- 
ondary stations transmit and the primary station re- 
ceives. 


This particular data link design only allows one out- 
standing frame before it must receive an acknowledge- 
ment. Immediate acknowledgement allows the second- 
ary station drivers to use the AUTO mode. In addition, 
one outstanding frame uses less memory for buffering, 
and the software becomes easier to manage. 


2.3 Secondary 
Station Driver using 
AUTO Mode 


The 8044 secondary station driver (SSD) was written as 
a general purpose SDLC driver. It was written to be 
linked to an application module. The application soft- 
ware implements the actual application in addition to 
interfacing to the SSD. The main application could be, 
a printer or plotter, a medical instrument, or a termi- 
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just provides the SDLC communications. Existing 8051 
applications could add high performance SDLC com- 
munications capability by linking the SSD to the exist- 
ing software and providing additional software to be 
able to communicate with the SSD. 


DATA 
LINK INTERFACE 
AND USER 


INTERFACE 
STATES 


The SSD has two software interfaces: a data link inter- 
face and a user interface as shown in Figure 8. The data 
link interface is the part of the software which controls 
the SDLC communications. 
It handles link access, 


command 
recognition/response, 
acknowledgements, 


and error recovery. The user interface provides four 
functions: OPEN, CLOSE, TRANSMIT, 
and SIU_ 


RECV. These are the only four functions which the 
application software has to interface in order to com- 
municate using SDLC. These four functions are com- 
mon to many I/O drivers like floppy and hard disks, 
keyboard/CRT, 
and async communication drivers. 


The data link and the user interface each have their 
own states. Each interface can only be in one state at 
any time. The SSD uses the states of these two interfac- 
es to help synchronize the application module to the 
data link. 


There are three states which the secondary station data 
link interface can be in: Logical Disconnect 
State 


(L_D_S), 
Frame Reject State (FRMR.-S), 
and the 


Information 
Transfer 
State (I_T_S). 
The Logical 


Disconnect State is when a station is physically con- 
nected to the channel but either the primary or second- 
ary have not agreed to enter the Information Transfer 
State. Both the primary and the secondary stations syn- 
chronize to enter into the Information Transfer State. 
Only when the secondary station is in the I_T_S 
is it 


able to transfer data or information to the primary. The 
Frame Reject State (FRMR.-S) 
indicates that the sec- 


ondary station has lost software synchronization with 
the primary or encountered some kind of error condi- 
tion. When the secondary station is in the FRMR.-S, 
the primary station must reset the secondary to resyn- 
chronize. 


The user interface has two states, open or closed. In the 
closed state, the user program does not want to com- 
municate over the network. The communications chan- 
nel is closed and not available for use. The secondary 
station tells the primary this by responding to all com- 
mands with DM. The primary continues to poll the 
secondary in case it wants to enter the 1_ T_S 
state. 


When the user program begins communication over the 
data link it goes into the open state. It does this by 
calling the OPEN procedure. When the user interface is 
in the open state it may transfer information to the 
primary. 
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Table 4 shows the commands which the secondary sta- 
tion recognizes and the responses it generates. The first 
row in Table 4 displays commands the secondary sta- 
tion recognizes and each column shows the potential 
responses with respect to secondary station. For exam- 
ple, if the secondary is in the Logical Disconnect State 
it will only respond with DM, unless it receives a 
SNRM command and the user state is open. If this is 
the case, then the response will be VA and the second- 
ary station will move into the I_T_S. 


Figure 9 shows the state diagram of the secondary 
station. When power is first applied to the secondary 
station, it goes into the Logical Disconnect State. As 
mentioned above, the 1_ T_S 
is entered when the sec- 


ondary station receives a SNRM command and the 
user state is open. The secondary responds with VA to 
let the primary know that it has accepted the SNRM 
and is entering the I_T_S. 
The I_T_S 
can go into 


either the L...J)_S 
or the FRMR.-S. 
The LT_S 


goes into the L_D_S 
if the primary sends the second- 


ary DISC. The secondary has to respond with VA, and 
then goes into the L_D_S. 
If the user interface 


changes from open to close state, then the secondary 
sends RD. This causes the primary to send a DISC. 


The FRMR.-S 
is entered when a secondary station is 
in the I_T_S 
and either one of the following condi- 


tions occurs. 
A command can not be recognized by the second- 
ary station. 


There is a buffer overrun. 
The Nr that was received from the primary station 
is invalid. 


The secondary station cannot leave the FRMR.-S 
until 


it receives a SNRM or a DISC command. 


To aid in following the description of the software, the 
reader may either look at the flow charts which are 
given for each procedure, or read the PL/M-5l 
listing 


provided in Appendix A. 


A block diagram of the software structure of the SSD is 
given in Figure 10. A complete module is identified by 
the dotted box, and a procedure is identified by the 
solid box. Therefore the SIV_RECV 
procedure is not 


included in the SSD module, it exists in the application 
software. Two or more procedures connected by a solid 
line means the procedure above calls the procedure be- 
low. Transmit, Power_oll..-D, 
Close, and Open are all 


called by the application software. Procedures without 
any solid lines connected above are interrupt 
proce- 


dures. The only interrupt procedure in the SSD module 
is the SIU_INT. 


The entire SSD module is interrupt driven. Its design 
allows the application program to handle real time 
events or just dedicate more CPV time to the applica- 
tion program. The SIV_INT 
is the only interrupt pro- 


cedure in the SSD. It is automatically entered when an 
SIV interrupt occurs. This particular interrupt can be 
the lowest priority interrupt in the system. 
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Upon reset the application software is entered first. The 
application software initializes its own variables then 
calls Power_O~D 
which is the SSD's initialization 


routine. The SSD's initialization sets up the transmit 
and receive data buffer pointers (TBS and RBS), the 
receive buffer length (RBL), and loads the State vari- 
ables. The STATION_STATE 
begins in the L_D_S 


state, and the USE~ST 
ATE begins in the closed 


state. 
Finally 
Power_On_D 
initializes XMIT_ 


BUFFE~EMPTY 
which is a bit flag. This flag 


serves as a semaphore between the SSD and the appli- 
cation software to indicate the status of the on chip 
transmit buffer. The SSD does not set the station ad- 
dress. It is the application software's responsibility to 
do this. After initialization, the SSDis read to respond 
to all of the primary station commands. Each time a 
frame is received with a matching station address and a 
good CRC, the SIU_INT 
procedure is entered. 


The first thing the SIU~NT 
procedure clears is the 


serial interrupt_bit 
(SI) in the STS register. If the 


SIU_INT 
procedure returns with this bit set, another 


SI interrupt will occur. 


The SIU_INT 
procedure is branches three indepen- 


dent cases. The first case is entered if the STATION_ 
STATE is not in the I_T_S. 
If this is true, then the 
SIU is not in the AUTO mode, and the CPU will have 
to respond to the primary on its own. (Remember that 
the AUTO mode is entered when the STATION_ 
STATE enters into I_T_S.) 
If the STATION_ 


STATE is in the 1_ T_S, then either the SIU has just 
left the AUTO mode, or is still in the AUTO mode. 
This is the second and third case, respectively. 


In the first case, if the STATION_STATE 
is not in 
the I_T_S, 
then it must be in either the L_D_S 
or 


the FRM~S. 
In either case a separate procedure is 
called based on which state the station is in. The In_ 
Disconnect_State 
procedure sends to the primary a 
DM response, unless it received a SNRM command 
and the USER_STATE 
equals open. In that case the 


SIU sends a UA and enters into the I_T_S. 
The In_ 


FRM~State 
procedure will send the primary the 


FRMR response unless it received either a DISC or an 
SNRM. If the primary's command was a DISC, then 
the secondary will send a UA and enter into the L_ 
D_S. 
If the primary's command was a SNRM, then 


the secondary will send a UA, enter into the I_T_S, 
and clear NSNR register. 


For the second case, if the STATION_STATE 
is in 


the I_T_S 
but the SIU left the AUTO mode, then the 


CPU must determine why the AUTO mode was exited, 
and generate a response to the primary. There are four 


reasons for the SIU to automatically leave the AUTO 
mode. The following is a list of these reasons, and the 
responses given by the SSD based on each reason. 
I. The SIU has received a command field it does not 


recognize. 
Response: If the CPU recognizes the command, it 
generates the appropriate response. If neither the 
SIU nor the CPU recognize the command, then a 
FRMR response is sent. 


2. The SIU has received a Sequence Error 
Sent 


(SES= 1 in NSNR register). Nr(P),,"Ns(S)+ I, and 
Nr(P)""Ns(S). 
Response: Send FRMR. 


3. A buffer overrun has occurred. BOV= 1 in STS reg- 


ister. 
Response: Send FRMR. 
4. An I frame with data was received while RPB = I. 


Response: Go back into AUTO mode and send an 
AUTO mode response 


In addition to the above reasons, there is one condition 
where the CPU forces the SIU out of the AUTO mode. 
This is discussed in the SSD's User Interface Proce- 
dures section in the CLOSED procedure description 


Finally, case three is when the STATION_STATE 
is 


in the I_T_S 
and the AUTO mode. The CPU first 


looks at the TBF bit. If this bit is 0 then the interrupt 
may have been caused by a frame which was transmit- 
ted and acknowledged. Therefore the XMIT_BUFF- 
E~EMPTY 
flag is set again, indicating that the ap- 


plication software can transmit another frame. 


The other reason this section of code could be entered 
is if a valid I frame was received. When a good I frame 
is received the RBE bit equals O. This means that the 
receiver is disabled. If the primary were to poll the 8044 
while RBE= 0, it would time out since_no response 
would be given.Time outs reduce network throughput. 
To improve network performance, the CPU first sets 
RBP, then sets RBE. Now when the primary polls the 
8044 an immediate RNR response is given. At this 
point the SSD calls the application software procedure 
SIU_RECV 
and passes the length of the data as a 


parameter. The SIU_RECV 
procedure reads the data 


out of the receive buffer then returns to the SSD mod- 
ule. Now that the receive information has been trans- 
ferred, RBP can be cleared. 


The Command_Decode 
procedure is called from the 


SIU_INT 
procedure when the STATION_STATE 


= I_T_S 
and the SIU left the AUTO mode as a 


result of not being able to recognize the receivecontrol 
byte. Commands which the SIU AUTO mode does not 
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recognize are handled here. The commands recognized 
in this procedure are: SNRM, DISC, and TEST. Any 
other command received will generate a Frame Reject 
with the nonimplemented command bit set in the third 
data byte of the FRMR frame. Any additional unnum- 
bered frame commands which the secondary station is 
going to implement, should be implemented in this pro- 
cedure. 


IF an SNRM is received the command_decode 
proce- 


dure 
calls 
the 
SNRM_Response 
procedure. 
The 


SNRM_Response 
procedure 
sets the STATION_ 


STATE = I_T_S, 
clears the NSNR register and re- 


sponds with a UA frame. If a DISC is received, the 
command_decode 
procedure 
sets the STATION_ 


STATE = L_D_S, 
and responds with a UA frame. 
When a TEST frame is received, and there is no buffer 
overrun, the command_decode 
procedure 
responds 


with a TEST frame retransmitting the same data it re- 
ceived. However if a TEST frame is received and there 
is a buffer overrun, then a TEST frame will be sent 
without any data, instead of a FRMR with the buffer 
overrun bit set. 


There are two procedures which handle the FRMR 
state: 
XMIT_FRMR 
and 
IN_FRMR-STATE. 
XMIT_FRMR 
is entered when the secondary station 


first goes into the FRMR state. The frame reject re- 
sponse frame contains the FRMR response in the com- 
mand field plus three additional data bytes in the I 


field. Figure 11 displays the format for the three data 
bytes in the I field of a FRMR response. The XMIT_ 
FRMR procedure sets up the Frame Reject response 
frame based on the parameter 
REASON 
which is 


passed to it. Each place in the SSD code that calls the 
XMIT_FRMR 
procedure, passes the REASON that 


this procedure was called, which in turn is communi- 
cated to the primary station. The XMIT_FRMR 
pro- 
cedure uses three bytes of internal RAM which it ini- 
tializes for the correct response. The TBS and TBL reg- 
isters are then changed to point to the FRMR buffer so 
that when a response is sent these three bytes will be 
included in the I field. 


The IN_FRMR-STATE 
procedure is called by the 


SIU_INT 
procedure when the STATION_STATE 


already is in the FRMR state and a response is re- 
quired. The IN_FRMR-ST 
ATE procedure will only 


allow two commands to remove the secondary station 
from the FRMR state: SNRM and DISC. Any other 
command which is received while in the FRMR state 
will result in a FRMR response frame. 


This is a general purpose transmit procedure, used only 
in the FLEXIBLE mode, which sends unnumbered re- 
sponses to the primary. It accepts the control byte as a 
parameter, and also expects the TBL register to be set 
before the procedure is called. This procedure waits un- 
til the frame has been transmitted before returning. If 


this procedure returned before the transmit interrupt 
was generated, the SIU_INT 
routine would be en- 


tered. The SIU_INT 
routine would not be able to dis- 
tinguish this condition. 


SSD's User Interface Procedures--OPEN, 
CLOSE, 
TRANSMIT, SIU_RECV-are 
discussed in the fol- 


lowing section. 


The OPEN procedure is the simplest of all, it changes 
the USER-STATE 
to OPEN_S 
then returns. This 


lets the SSD know that the user wants to open the 
channel for communications. When the SSD receivesa 
SNRM command, it checks the USER-STATE. 
If the 


USER-ST ATE is open, then the SSD will respond 
with a UA, and the STATION_STATE 
enters the 


I_T_S. 


The CLOSE procedure is also simple, it changes the 
USER-STATE 
to CLOSED_S and sets the AM bit 


to o. Note that when the CPU sets the AM bit to 0 it 
puts the SIU out of the AUTO mode. This event is 
asynchronous to the events on the network. As a result 
an I frame can be lost. This is what can happen. 
1. AM is set to 0 by the CLOSE Procedure. 
2. An I frame is received and an SI interrupt occurs. 
3. The SIU_INT 
procedure enters case 2 (STA- 


TION_STATE 
= I_T_S, 
and AM = 0). 
4. Case 
2 
detects 
that 
the 
USER_STATE 


CLOSED_S, sends an RD response and ignores the 
fact that an I frame was received. 


Therefore it is advised to never call the CLOSE proce- 
dure or take the SIU out of the AUTO mode when it is 
receiving I frames or an I frame will be lost. 


For both the TRANSMIT and SIU_RECV 
proce- 


dures, it is the application software's job to put data 
into the transmit buffer, and take data out of the re- 
ceive buffer. The SSD does not transfer data in or out 
of its transmit or receive buffers because it does not 
know what kind of buffering the application software is 
implementing. What the SSD does do is notify the ap- 
plication software when the transmit buffer is empty, 
XMIT_BUFFER-EMPTY 
= I, and when the re- 


ceive buffer is full. 


One of the functions that the SSD performs to synchro- 
nize the application software to the SDLC data link. 
However some of the synchronization must also be 
done by the application software. Remember that the 
SSD does not want to hang up the application software 
waiting for some event to occur on the SDLC data link, 
therefore the SSD always returns to the application 
software as soon as possible. 


For example, when the application software calls the 
OPEN procedure, the SSD returns immediately. The 


application software thinks that the SDLC channel is 
now open and it can transmit. This is not the case. For 
the channel to be open, the SSD must receive an 
SNRM from the primary and respond with a UA. 
However, the SSD does not want to hang up the appli- 
cation software waiting for an SNRM from the primary 
before returning from the OPEN procedure. When the 
TRANSMIT procedure is called, the SSD expects the 
STATION_STATE 
to be in the I_T_S. 
If it isn't, 


the SSD refusesto transmit the data. The TRANSMIT 
procedure first checks to see if the USER-STATE 
is 


open. If not, the USER-STATE_CLOSED 
parame- 


ter is passed back to the application module. The next 
thing TRANSMIT checks is the STATION_STATE. 
If this is not open, then TRANSMIT passes back 
LINK_DISCONNECTED. 
This 
means 
that 
the 


USER-STATE 
is open, but the SSD hasn't received 


an SNRM command from the primary yet. Therefore, 
the application software should wait awhile and try 
again. Based on network performance, one knows the 
maximum amount of time it will take for a station to be 
polled. If the application software waits this length of 
time and tries again but still gets a LINK_DISCON- 
NECTED parameter passed back, higher levelrecovery 
must be implemented. 


\ 


Before loading the transmit buffer and calling the 
TRANSMIT procedure, the application software must 
check to see that XMIT_BUFFER_EMPTY 
= I. 


This flag tells the application software that it can write 
new data into the transmit buffer and call the TRANS- 
MIT procedure. After the application software has ver- 
ifiedthat XMIT_BUFFER-EMPTY 
= I, it fills the 
transmit buffer with the data and calls the TRANS- 
MIT procedure passing the length of the buffer as a 
parameter. The TRANSMIT 
procedure checks for 


three reasons why it might not be able to transmit the 
frame. If any of these three reasons are true, the 
TRANSMIT procedure returns a parameter explaining 
why it couldn't send the frame. If the application soft- 
ware receivesone of these responses, it must rectify the 
problem and try again. Assuming these three condi- 
tions are false, then the SSD clears XMIT_BUFF- 
ER-EMPTY, 
attempts to send the data and returns 


the parameter DATA_TRANSMITTED. 
XMIT_ 


BUFFER-EMPTY 
will not be set to 1 again until the 


data has been transmitted and acknowledged. 


The SIU_RECV procedure must be incorporated into 
the application software module. When a valid I frame 
is received by the SIU, it calls the SIU_RECV 
proce- 


dure and passes the length of the received data as a 
parameter. The SIU_RECV 
procedure must rembve 


all of the data from the receive buffer before returning 
to the SIU_INT 
procedure. 


inter 


Figure 12 shows the necessary parts to include in a 
PLIM-51 application program that will be linked to the 
SSD module. RL51 is used to link and locate the SSD 
and application modules. The command line used to do 
this is: 


RL51 
SSD.obj,filename.obj,PLM51.LIB 
TO 


filename 
& RAMSIZE(192) 


$registerbank(O) 
user$mod: 
do; 
$include 
(reg44.dcl) 
declare 
11t 
buffer_length 
siu_xmit_buffer 
(buffer_length) 
siu_recv_buffer 
(buffer_length) 
byte 
xmit_buffer_empty 
bit 


11terally 
'11terally' , 


lit 
'60', 


external, 
external; 


power_on_d: 
procedure 
external; 


end 
power_on_d; 


close: 
procedure 
external 
using 
1; 
end 
close; 


open: 
procedure 
end 
open; 


transmit: 
procedure 
(xmit_buffer_length) 
byte 


declare 
xmit_buffer_length 


end 
transmi t ; 


external; 
byte; 


siu_recv: 
procedure 
(length) 


public 
declare 
length 
byte, 
•• 


The 8044 has four register banks. PLIM-51 assumes 
that an interrupt procedure never uses the same bank as 
the procedure it interrupts. The USING attribute of a 
procedure, or the $REGISTERBANK 
control, can be 


used to ensure that. 


The SSD module uses the $REGISTERBANK(I) 
attri- 


bute. Some procedures are modified with the USING 
attribute based on the register bank level of the calling 
procedure. 


2.4 Application 
Module; ASYNC to 


SOLC Protocol Converter 


One of the purposes of this application module is to 
demonstrate how to interface software to the SSD. An- 
other purpose is to implement and test a practical appli- 
cation. This application software performs I/O with an 
async terminal through a USART, butTers data, and 
also performs I/O with the SSD. In addition, it allows 
the user on the async terminal to: set the station ad- 
dress, set the destination address, and go online and 
offiine. Setting the station address sets the byte in the 
STAD register. The destination address is the first byte 
in the I field. Going online or offiine results in either 
calling the OPEN or CLOSE procedure respectively. 


After the secondary station powers up, it enters the 
'terminal mode', which accepts data from the terminal. 
However, before any data is sent, the user must con- 
figure the station. The station address and destination 
address must be set, and the station must be placed 
online. To configure the station the ESC character is 
entered at the terminal which puts the protocol con- 
verter into the 'configure mode'. Figure 13 shows the 
menu which appears on the terminal screen. 


(1)8044 Secondary Station 
/ 


I - Set the Station Address 
2 - Set the Destination Address 
3 - Go Online 
4- 
Go Offiine 
5 - Return to terminal mode 


Enter option _ 


In the terminal mode data is butTered up in the second- 
ary station. A Line Feed character 'LF' tells the sec- 
ondary station to send an I frame. If more than 60 bytes 
are butTered in the secondary station when a 'LF' is 
received, the applications software packetizes the data 
into 60 bytes or less per frame. If a LF is entered when 
the station is offiine, an error message comes on the 
screen which says 'Unable to Get Online'. 


The secondary station also does error checking on the 
async interface for Parity, Framing Error, and Overrun 
Error. If one of these errors are detected, an error mes- 
sage is displayed on the terminal screen. 
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There are two separate buffers in the application mod- 
ule: a transmit buffer and a receivebuffer. The transmit 
buffer receives data from the USART, and sends data 
to the SSD. The receive buffer receives data from the 
SSD, and transmits data to the USART. Each buffer is 
a 256 byte software FIFO. If the transmit FIFO be- 
comes full and no 'LF' character is received, the sec- 
ondary station automatically begins sending the data. 
In addition, the application modules will shut off the 
terminal's transmitter using CTS until the FIFO has 
been partially emptied. A block diagram of the buffer- 
ing for the protocol converter is given in Figure 14. 


A block diagram of the application module software is 
given in Figure 15.There are three interrupt routines in 
this 
module: 
USART_RECV_INT, 
USART_ 


XMIT_INT, 
and TIMER_O_INT. 
The first two are 


for servicing the USART. TIMER--O_INT 
is used if 


the TRANSMIT procedure in the SSD is called and 
does not return with the DATA_TRANSMITTED 
parameter. TIMER--O_INT 
employs Timer° to wait 


a finite amount of time before trying to transmit again. 
The highest priority interrupt is USART_RECV _ 
INT. The main program and all the procedures it calls 
use register bank 0, USART_XMIT_INT 
and TIM- 


ER--O_INT 
and FIFO_R_OUT 
use bank I, while 


USART_RECV_INT 
and all the procedures it calls 


use register bank 2. 


The Power_On procedure initializes all of the chips in 
the system including the 8044.The 8044is initializedto 
use the on-chip DPLL with NRZI coding, PreFrame 
Sync, and Timer 1 auto reload at a baud rate of 
62.5 Kbps. The 8254and the 8251A are initialized next 
based on the DIP switch values attached to port I on 
the 8044.Variablesand pointers are initialized, then the 
SSD's Power-Up Procedure, Power_On_D, 
is called. 
Finally, the interrupt system is enabled and the main 
program is entered. 


The main program is a simple loop which waits for a 
frame transmit command. A frame transmit command 
is indicated when the variable SEND_DATA 
is great- 


er than 0. The value of SEND_DATA 
equals the 


number of'LF' characters in the transmit FIFO, hence 
it also indicates the number of frames pending trans- 
mission. Each time a frame is sent, SEND_DATA 
is 


decremented by one. Thus when SEND_DATA 
is 


greater than 0, the main program falls down into the 


next loop which polls the XMIT_BUFFER--EMP- 
TY bit. When XMIT_BUFFER_EMPTY 
equals 1, 


the SIU_XMIT_BUFFER 
can be loaded. The first 


byte in the buffer is loaded with the destination address 
while the rest of the buffer is loaded with the data. 
Bytes are removed from the transmit FIFO and placed 
into the SIU_XMIT_BUFFER 
until one of three 


things happen: 1. a 'LF' character is read out of the 
FIFO, 2. the number of bytes loaded equals the size of 
the SIU_XMIT_BUFFER, 
or 3. the transmit FIFO 


is empty. 


After the SIU_XMIT_BUFFER 
is filled, the SSD 


TRANSMIT procedure is called and the results from 
the procedure are checked. Any result other than 
DATA_TRANSMITTED 
will result in several retries 


within a finite amount of time. If all the retries fail, 
then the LINIC-DISC procedure is called which sends 
a message to the terminal, 'Unable to Get Online'. 


When the 8251A receivesa character, the RxRDY pin 
on the 8251A is activated, and this interrupt procedure 
is entered. The routine reads the USART status register 
to determine if there are any errors in the character 
received.If there are, the character is discarded and the 
ERROR procedure is called which prints the type of 
error on the screen. If there are no errors, the received 
character is checked to see if it's an ESC. If it is an 
ESC, the MENU procedure is called which allows the 
user to change the configuration. If neither one of these 
two conditions exists, the received character is inserted 
into the transmit FIFO. The received character mayor 
may not be echoed back to the terminal based on the 
dip switch settings. 


The transmit FIFO consists of two procedures: FIFO_ 
T_IN 
and FIFO_T_OUT. 
FIFO_T_IN 
inserts a 


character into the FIFO, and FIFO_T_OUT 
re- 


moves a character from the FIFO. The FIFO itself is 
an array of 256 bytes called FIFO_T. 
There are two 


pointers used as indexes in the array to address the 
characters: IN_PTR--T 
and OUT_PTR_T. 
IN_ 


PTR_T 
points to the location in the array which will 


store the next byte of data inserted. OUT_PTR--T 
points to the next byte of data removed from the array. 
Both IN_PTR_T 
and OUT_PTR--T 
are declared 


as bytes. The FIFO_T_IN 
procedure receivesa char- 


acter from the USART_RECV _INT 
procedure and 


stores it in the array location pointed to by IN_PTR-- 
T, then IN_PTR--T 
is incremented. Similarly, when 


FIFO_T_OUT 
is called by the main program, to 


load the SIU_XMIT_BUFFER, 
the byte in the array 
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pointed to by OUT_PT~T 
is read, then OUT_ 


PT~T 
is incremented. 
Since IN_PT~T 
and 


OUT_PTR_T 
are always incremented, they must be 
able to roll over when they hit the top of the 256 byte 
address space. This is done automatically by having 
both IN_PTR_T 
and OUT_PTR_T 
declared as 
bytes. Each character inserted into the transmit FIFO 
is tested to see if it's a LF. If it is a LF, the variable 
SEND_DATA 
is incremented, which lets the main 


program know that it is time to send an I frame. Simi- 
larly each character removed from the FIFO is tested. 
SEND_DATA 
is decremented for every LF character 


removed from the FIFO. 


IN_PT~T 
and OUT_PTR_T 
are also used to in- 


dicate how many bytes are in the FIFO, and whether it 
is full or empty. When a character is placed into the 
FIFO and IN_PTR_ 
T is incremented, the FIFO is 


full if IN_PT~T 
equals OUT_PTR_T. 
When a 


character is read from the FIFO and OUT_PTR_T 
is incremented, the FIFO is empty if OUT_PT~T 
equals IN_PT~T. 
If the FIFO is neither full nor 


empty, then it is in use. A byte called BUFFE~ 
STATUS_Tis 
used to indicate one of these three con- 


ditions. The application module uses the buffer status 
information to control the flow of data into and out of 
the FIFO. When the transmit FIFO is empty, the main 
program 
must 
stop loading bytes into 
the SIU_ 


XMIT_BUFFER. 
Just before the FIFO is full, the 


async input must be shut off using CTS. Also, if the 
FIFO is full and SEND_DATA 
= 0, then SEND_ 


DATA must be incremented to automatically send the 
data without an LF. 


The receive FIFO operates in a fashion similar to the 
transmit FIFO. Data is inserted into the receive FIFO 
from the SIU_RECV 
procedure. The SIU_RECV 


procedure is called by the SIU_INT 
procedure when a 


valid I frame is received. The SIU_RECV 
procedure 


merely polls the receive FIFO status to see if it's full 
before transferring each byte from the SIU_RECV_ 
BUFFER into the receive FIFO. If the receive FIFO is 
full, the SIU_RECV 
procedure remains polling the 


FIFO status until it can insert the rest of the data. In 
the meantime, the SIU AUTO mode is responding to 
all polls from the primary with a RNR supervisory 
frame. The USART_XMIT_INT 
interrupt 
proce- 


dure removes data from the receive FIFO and trans- 
mits it to the terminal. The USART transmit interrupt 
remains enabled while the receive FIFO has data in it. 
When the receive FIFO becomes empty, the USART 
transmit interrupt is disabled. 


The primary station is responsible for controlling the 
data 
link. 
It 
issues commands 
to 
the 
secondary 


stations and receives responses from them. The primary 
station controls link access, link level error recovery, 
and the flow of information. 
Secondaries can only 


transmit when polled by the primary. 


Most primary stations ire either micro/minicomputers, 
or front end processors to a mainframe computer. The 
example primary station in this design is standalone. It 
is possible for the 8044 to be used as an intelligent front 
end processor for a microprocessor, implementing the 
primary station functions. This latter type of design 
would extensively off-load link control functions for the 
microprocessor. The code listed in this paper can be 
used as the basis for this primary station design. Addi- 
tional software is required to interface to the micro- 
processor. A hardware design example for interfacing 
the 8044 to a microprocessor can be found in the appli- 
cations section of this handbook. 


The primary station must know the addresses of all the 
stations which will be on the network. The software for 
this primary needs to know this before it is compiled, 
however a more flexible system would download these 
parameters. 


From the listing of the software it can be seen that the 
variable NUMBER_OF 
_STATIONS 
is a literal dec- 
laration, which is 2 in this design example. There were 
three stations tested on this data link, two secondaries 
and one primary. 
Following the NUMBE~OF_ 
STATIONS declaration is a table, loaded into the ob- 
ject code file at compile time, which lists the addresses 
of .each secondary station on the network. 


The primary station keeps a record of each secondary 
station on the network. This is called the Remote Sta- 
tion Database (RSD). The RSD in this software is an 
array of structures, which can be found in the listing 
and also in Figure 16. Each RSD stores the necessary 
information about that secondary station. 


To add additional secondary stations to the network, 
one simply adjusts the NUMBE~OF_STATIONS 
declaration, and adds the additional addresses to the 
SECONDARY_ADDRESSES 
table. The number of 


RSDs is automatically allocated at compile time, and 
the primary automatically polls each station whose ad- 
dress is in the SECONDARY~DDRESSES 
table. 


Memory for the RSDs resides in external RAM. Based 
on memory requirements for each RSD, the maximum 
number of stations can be easily buffered in external 
RAM. (254 secondary stations is the maximum number 
SDLC will address on the data link; i.e. 8-bit address, 
FF H is the broadcast address, and 0 is the null ad- 
dress. Each RSD uses 70 bytes of RAM. 70 x 254 
17,780.) 


The station state, in the RSD structure, maintains the 
status of the secondary. If this byte indicates that the 
secondary is in the DISCONNECT_S, 
then the pri- 


mary tries to put the station in the 1_ T_S by sending 
an SNRM. If the response is a UA then the station 
state changes into the 1_ T_So Any other frame re- 
ceived results in the station state remaining in the DIS- 
CONNECT_S. 
When the RSD indicates that the sta- 
tion state is in the I_T_S, 
the primary will send either 
an I, RR, or RNR command, depending on the local 
and remote buffer status. When the station state equals 
GO_TO_DISC 
the primary will send a DISC com- 
mand. If the response is a UA frame, the station state 
will change to DISCONNECT_S, 
else the station 
state will remain in GO_TO_DISC. 
The station state 


is set to GO_TO-DISC 
when one of the following 


responses occur: 
I. A receive buffer overrun in the primary. 
2. An I frame is received and Nr(P) *- Ns(S). 
3. An I frame or a Supervisory frame is received and 
Ns(P) + 1 *- Nr(S) and Ns(P) *- Nr(S). 


4. A FRMR response is received. 
5. An RD response is received. 
6. An unknown response is received. 


The send count (Ns) and receive count (Nr) are also 
maintained in the RSD. Each time an I frame is sent by 
the primary and acknowledged by the secondary, Ns is 
incremented. Nr is incremented each time a valid I 
frame is received. BUFFER...-STATUS 
indicates the 


status of the secondary station's buffer. If an RR re- 
sponse 
is received, 
BUFFER...-ST ATUS 
is set to 
BUFFER...-READY. 
If a RNR response is received, 
BUFFER...-STATUS 
is 
set 
to 
BUFFER...-NOT_ 


READY. 


The buffering for the primary station is as follows: 
within each RSD is a 64 byte array buffer which is 
initially empty. When the primary receives an I frame, 
it looks for a match between the first byte of the I frame 
and the addresses of the secondaries on the network. If 
a match exists, the primary places the data in the RSD 
buffer 
of 
the 
destination 
station. 
The 
INFO_ 


LENGTH in the RSD indicates how many bytes are in 
the buffer. If INFO_LENGTH 
equals 0, then the 
buffer is empty. The primary can buffer only one I 
frame per station. If a second I frame is received while 
the addressed secondary's RSD buffer is full, the pri- 
mary cannot receive any more I frames. At this point 
the primary continues to poll the secondaries using 
RNR supervisory frame. 


A block diagram of the primary station software is 
shown in Figure 17. The primary station software con- 
sists of a main program, one interrupt routine, and sev- 
eral procedures. The POWER...-ON procedure begins 
by initializing the SIU's DMA and enabling the receiv- 
er. Then each RSD is initialized. The DPLL and the 
timers are set, and finally the TIMER ° interrupt is 
enabled. 


The main program consists of an iterative do loop with- 
in a do forever loop. The iterative do loop polls each 
secondary station once through the do loop. The vari- 
able STATION_NUMBER 
is the counter for the iter- 


ative do statement which is also used as an index to the 
array of RSD structures. The primary station issues one 
command and receives one response from every second- 
ary station each time through the loop. The first state- 
ment in the loop loads the secondary station address, 
indexed by STATION_NUMBER 
into the array of 


the RSD structures. Now when the primary sends a 
command, it will have the secondary's address in the 
address field of the frame. The automatic address rec- 
ognition feature is used by the primary to recognize the 
response from the secondary. 


Next, the main program determines the secondary sta- 
tion's state. Based on this state, the primary knows 
what command to send. If the station is in the DIS- 
CONNECT_S, 
the primary calls the SNRM_P 
pro- 


cedure to try and put the secondary in the I_T_S. 
If 


the station state is in the GO_TO_DISC 
state, the 


DISC_P 
is called to try and put the secondary in the 


L_D_S. 
If the secondary is in neither one of the 


above two states, then it is in the 1_ T_So When the 
secondary is in the 1_ T_S, 
the primary could send 


one of three commands: I, RR, or RNR. If the RSD's 
buffer has data in it, indicated by INFO_LENGTH 
being greater than zero, and the secondary's BUFF- 
ER...-STATUS equals BUFFER_READY, 
then an I 


frame will be sent. Else if RPB = 0, an RR supervisory 
frame will be sent. If neither one of these cases is true, 
then an RNR will be sent. The last statement in the 
main program checks the RPB bit. If set to one, the 
BUFFER...-TRANSFER 
procedure 
is called, which 


transfers the data from the SIU receive buffer to the 
appropriate RSD buffer. 


STATION-ADDRESS 


STATION-STATE 


NS 


NR 


BUFFER-STATUS 


INFO-LENGTH 


DATA (0) 


DATA 
(63) 


Each time a frame is transmitted, the primary sets a 
receive time out timer; Timer O. If a response is not 
received within a certain time, the primary returns to 
the main program and continues polling the rest of the 
stations. The minimum length of time the primary 
should wait for a response can be calculated as the sum 
of the following parameters. 
1. Propagation time to the secondary station 
2. Clear-to-send at the secondary station's DCE 
3. Appropriate time for secondary station processing 
4. Propagation time from the secondary station 
5. Maximum frame length time 


The clear-to-send time and the propagation time are 
negligible for a local network at low bit rates. However, 
the turnaround 
time and the maximum frame length 


time are significant factors. Using the 8044 secondaries 
in the AUTO mode minimizes turnaround 
time. The 


maximum frame length time comes from the fact the 
8044 does not generate an interrupt from a received 
frame until it has been completely received, and the 
CRC is verified as correct. This means that the time- 
out is bit rate dependent. 


Each time an I frame or supervisory frame is received, 
the Nr field in the control byte must be checked. Since 
this data link only allows one outstanding frame, a val- 
id Nr 
would satisfy either 
one of two equations; 


Ns(P) + I = Nr(S) the I frame previously sent by the 
primary is acknowledged, Ns(P) = Nr(S) the I frame 
previously sent is not acknowledged. If either one of 
these two cases is true, the CHECK_NR 
procedure 


returns a parameter of TRUE; otherwise a FALSE pa- 
rameter is returned. If an acknowledgement is received, 
the Ns byte in the RSD structure is incremented, and 
the Information buffer may be cleared. Otherwise the 
information buffer remains full. 


When an I frame is received, the Ns field has to be 
checked also. If Nr(P) 
= Ns(S), then the procedure 


returns TRUE, otherwise a FALSE is returned. 


The receive procedure is called when a supervisory or 
information frame is sent, and a response is received 
before the time-out period. The RECEIVE procedure 
can be broken down into three parts. The first part is 
entered if an I frame is received. When an I frame is 
received, Ns, Nr and buffer overrun are checked. If 
there is a buffer overrun, or there is an error in either 
Ns or Nr, then the station state is set to GO_TO_ 
DISC. Otherwise Nr in the RSD is incremented, the 
receive field length is saved, and the RPB bit is set. By 
incrementing the Nr field, the I frame just received is 
acknowledged the next time the primary polls the sec- 
ondary with an I frame or a supervisory frame. Setting 
RBP protects the received data, and also tells the main 
program that there is data to transfer to one of the RSD 
buffers. 


inter 


ITIMER 
_ 0 _ INT I 


If a supervisory frame is received, the Nr field is 
checked. If a FALSE is returned, then the station state 
is set to GO_TO_OISC. 
If the supervisory frame re- 


ceived was an RNR, buffer status is set to not ready. If 
the response is,not an I frame, nor a supervisory frame, 
then it must be an Unnumbered frame. 


state is set to GO_TO_OISC. 
However, if the frame 


received is a FRMR, Nr in the second data byte of the I 
field is checked to see if the secondary acknowledged an 
I frame received before it went into the FRMR state. If 
this is not done and the secondary acknowledged an I 
frame which the primary did not recognize, the pri- 
mary transmits the I frame when the secondary returns 
to the 1_ T_So In this case, the secondary would re- 
ceive duplicate I frames. 


The only Unnumbered frames the primary recognizes 
are UA, OM, and FRMR. 
In any event, the station 
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Figure 23. Secondary 
Station 
Driver Flow Chart 
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2. STATION·STATE 
= DISCONNECT 
3. BUFFER·STATE 
= BUFFER·NOT.READY 
4. INFO-LENGTH 
= 0 


inter 


inter 


inter 


BUILD CONTROL 
FIELD USING EITHER 
I, RR, RNR 
AND NR AND/OR NS 


inter 


MOVE 
DATA 
FROM 
SIU·RECV·BUFFER 
TO 
RSD 
BUFFER 


inter 


S 
B 


APPENDIX B 


LISTINGS OF SOFTWARE MODULES 


'TITLE 
('RUPI-44 
S.cond ••.•• Bt.Uon 
Drive,.') 


.D£IUO 
UEOISTER 
•••••• U t) 
MIN....aD: 
DOl 


-.oLISr 


DECLARE 
LIT 
TRUE 
F ••••SE 
FOOEYEll 


LITERALLY 
LIT 
LIT 
LIT 


'LITERALLV' 
• 


'QFFH', 
'COH', 
•••••ILE 
1'1 


/. 
SOLe 
co ••• ncl. 
ond 
,. •• 
pon ••• 
0' 


DEClNlE 
BNR" 
LIT 
'S3H', 
UA 
LIT 
'73M', 
DISC 
LIT 
'43H', 


••• 
LIT 
'tFH', 
FOPlIt 
LIT 
'97H', 
REGJlISC 
LIT 
'53H' 
• 
... 
LIT 
'331<', 
TEST 
LIT 
'CE3H', 


/. 
U•• " st.,•• 0' 


(PEN_8 
LIT 
'OCH', 
ClOSED_S 
LIT 
'OtH', 


/. St.tiDnst., •• 0' 


DJ8CClNrECT 
_8 
FI" __ 8 


1_1_8 


'OOH'. 
'* LOQICALLY 
DISC~CTED 
STATE_' 


'OtH'. 
,+ FRNE 
JlE.JECT 
BTATE *' 


'02H', 
'* 
INFQA •••••TION 
TRANSFER 
SrATE *' 


USER_STATE_CLOSED 
LIT 


LINKJUSCDNrECTED 
LIT 


OVERFLOW 
LIT 


D.tlTA_TRNftI'UTT£D 
LIT 


'DOH', 
'olH', 
'D2>l', 
'03H', 


UNABBJONED_C 
lIT 


NO_Ij'JELDjtL.LOWED 
LIT 


lUFF 
_OYEItRUN 
LIT 


RSftR 
LIT 


'OOH', 
'OtH',· 
'OilH', 
'03H', 


7 
2 
• 
2 
, 
I 


10 
2 
II 
2 
12 
I 


13 
2 
14 
2 
" 
2 
16 
I 


17 
2 


I. 
2 
I' 
2 
20 
2 
21 
2 
22 
2 
23 
2 
24 
2 


25 


26 
2 


27 
2 


a 
2 


30 


32 


34 


USER_BTATE 
STATlON_BTATE 
IJA"""...LENClTH 


AUXILIARY. 
MJXILIMY. 
AUXILIARY. 


IUFFER~ENQTH 
BJU_XP1IT JlUFFER 
(.UFFER~ENOTH) 


SIUJlECV 
JlUFFER 
(8UFFEA~ENOTH) 


FRI'It .•••UFFER (3) 
IVTE. 


'60', 
PUILIC 
PUBL.IC. 


SIU_RECY: 
PROCEDURE 
(LENQTH) 
EXTERNAL, 


DECLME 
LEMOnt 
IVlE. 
END 
BlUJlECV. 


OfIEN: 
PROCEDURE 
'VlLle 
USING 
2. 
USER_BTATE-oPEH_BJ 
END 
OPEN. 


CLOBE: 
PROCEDUftE 
PUlllC 
USING 
2. 
M-O. 
USER_8TATE-CL08I!:D_SI 


END 
CLOSE, 


USERJlTATE-eLOSED_8. 
BTATlON_STATE-DISCDNPECT 
_151 


TIS-.81V_XP1ITJll.FFERCO), 
AIa-.8IUJtECV.-lUFFERCOJ, 
RIL..I""EIt.-LEHOTHJ 
RIE-l, 
/. 
En.bl. 
the BIU'. 
l"eceiv." 
_, 


x'nT 
••••UFFER~TY·ll 


END 
POWER_ON_DI 


TRANStUT: 
PROCEDURE 
CX"ITJUFFEA~ENOTH) 
BYTE 
PUILIC 
USINO 
O. 


DECLNlE 
."IT 
J1UFFER~EHOTH 
IYTE. 
I 
IVT£ 
AUXILIARY, 


STATUS 
IYTE 
AUXILIARY, 


IF 
V8ER_BT"'TE-<:LOSED_B 


THEN 
BTATus-tJSER_BTATE_CLDSEDJ 
ELSE 
IF 
STATION_STATE-DIBCONECT_8 
THEN 
8TATUB-LINKJ'J8CI:NECTEDI 


ELSE: 
IF 
ntlT 
_BI.FFERJ.£NGTH>IUFFERJ.ENOTH 


THEN 
ST ATU8-oYERFLOW, 
ELSE DOl 


3! 
3 
~ 
3 
31 
3 


311 
3 
'" 
3 
40 
3 
41 
2 
42 
1 


43 
2 


44 
2 


4' 
2 
46 
2 
41 
2 
4. 
3 
49 
3 
'I> 
2 
"~ 
2 


'3 
2 
'4 
2 
" 
2 
" 
3 
'" 
3 
" 
3 
60 
2 


62 
3 
63 
3 
64 
3 
6' 
2 


66 


61 
2 


68 
2 


.9 
2 


10 
2 
71 
2 
72 
2 


73 
2 
74 
3 
., 
3 


."IT JlUFf'E"~"TY·OI 
TBL-XPU 
T_11SFEtI_LENOTH, 


I_FRNtE>ENOTH-X"tTJlUFFERJ..ENOTHJ 
,. 
Star. 
len"" 
in 
, ••• 
at.Uon 
is r••• t '" FA"... 
SNR" 
etc. *' 
rlF-l, 
STATUB-DAT"_TRNftilU 
lTED. 


END. 


RElUIIN 
STATUS, 


END 
TWANSPtIT 
I 


X"JT_~ERED: 
PROCEDURE 
CCONTROLJYTE) 
I 


DECLARE 
CDNTROLJlYTE 
lYlE, 


TCI-<:ONTROLJYTE, 
r,F-., 
RTS-I, 
DO ••.• JL£ 
NOT S), 


END. 
81-<), 


SNR"-"ESPON8E: 
PROCEDURE 
I 


81A110.,,-8T"Y£-1_1_8, 
_-0. 
IF 
CRCI 
AND 
lOti) 
<> 
0 '* R•• ,ond 
if 
pol 
led 
*/ 


THEN 00. 


TIL-O, 
CALL 
X"IT_UNNUI18EItEDCUA,J, 


END. 
IF 
X"IT •.••l.FF'EJt~,.TY-o 
'* I' 
en 
I 
fir ••• 
we. 
hft 
pendin, t".n,.is.ion 
then "•• to". 
it 
./ 


nEN 
DO, 


rIL-JJANtEJ..ENOTH, 
rIF-.I 
END. 


TI&-. 
F1tttRJlUFFE'UO) 
I 


rlL-3, 
F.J'tRJUFFER 
(O) ••• CI, 
'* SIH, 
nibU 
•• 
in 
NBNR *' 
F."'Ill ••••UP'FEJtCI'·CSHLCCN8Nlt 
AND OEH) •• 
) 
OR 
BHACCNSNR AND OEOH).4)}, 
DO CASE 
REASONI 


FRPltJUFFERHU-OlH, 
'* UNAS81QNED_C 
_, 


inter 


10 
3 
11 
3 
,. 
3 
79 
3 


80 
2 


81 
2 


83 
3 
80 
3 
8. 
0 
eo 
0 
87 
3 
• 
3 
•• 
I 


'90 
2 


91 
2 


93 
2 


9. 
3 
90 
3 
97 
3 
98 
I 


99 
2 


100 
2 


102 
3 
103 
3 
100 
3 


10. 
2 


107 
3 
108 
3 
109 
3 


III 
0 
112 
0 
113 
0 
110 
3 
"' 
3 
II. 
3 


118 
0 
119 
0 


FR"'..IUFFER(2).02HJ 
FRf1RJlUFFEA 
(2) 
-04H, 


FRf'lRJlUFFER 
(2) 
-OSH, 
ENOl 


'* NO_IJrELD_A~LDWED 
*/ 
/* 
lUFF_OVERRUN 
*' 


/* 
SES.-ERR *' 


STATJOfCSTATE-FAf'IR_SI 


IF 
CRel 
AND 
IOH) 
<>0 


THEN 
DOl 
TIF-I, 
RTB-II 
DO 
••.• XLE 
NOT 
SI. 
END. 
8r-OJ 
END • 


IN_DISCONNECT_BTATE: 
PROCEDURE 
1/* 
Ca1h" 
fro. 
SIU_INT 
procedure 
*' 


IF 
«U8ER_BTATE-OPEN_BJ 
AND 
(CRCI 
AND 
OEFH)-BNAH» 


THEN CALL 8N1"'-"E~ON8E1 


ELSE 
IF 
CRCI 
AND 1OH) <> 
0 
THEN 
DOl 
TIL-O, 
CALL 
Xf'lIT_UNNUf'IIEREDCI)t'), 
END. 
END 
INJUSCONNECT_STATEI 


IF 
CRC8 AND 
OEFH)-SNAI1 


THEN 
DOl 


CALL 
SNR"_REBPONSEI 
TIS-. SrU_)1I'1lT_BUFFERCOh 
'* R•• to". trans.it 
bu"e .••start 
.ddr••• *' 
ENOl 


ELSE 
IF 
(RCI 
AND OEFH)-DIBC 


THEN 
DOl 


STAT I ON_BTATE-Dr 
SCONNECT _Sl 
T8S-. 
SIU_XHITJUFFERCOh 
/. 
R•• tore t".n •• it 
buffe.,. 
start 
ad dr ••• 
*/ 


IF 
(RCB 
AND 
10f0U<> 
0 
THEN 
DOl 
TIL-O, 
CALL 
XP1IT_~8ERED(U.)1 
END. 


ELSE 
DO, 
'* Receive 
con,,"ol 
b..,t. 
is 
.0 ••• th1n, 
oth.r 
th_n 
DISC 
or 
SNRI'1 */ 
IF 
(RCI 
AND 
lOH) 
<> 
0 
THEN 
DOl 
TBF-ll 
,nS-ll 


120 
• 
121 
• 
122 
4 
.23 
3 


124 


12' 
2 


12" 
2 


128 
2 
. 


130 
3 
131 
3 


133 
4 
134 
4 
.3. 
4 
136 
3 


137 
2 


13'0 


14. 


143 
• 
144 
• 
14' 
• 
14" 
• 
147 
• 
14S 
• 
14. 
• 
.50 
• 
"I 
• 


•• 2 


"4 
• 
••• • 
,... 
• 
•• 7 
4 
"S 
3 
••• 
3 


1"0 
2 


'''2 
3 
1b3 
3 


lb' 
3 


DO 
WHILE 
NOT 
811 
END. 


END. 


END INJR"_STATEI 


ClJt'tl1AND_DECODE: 
PROCEDURE 
I 


IF 
(RCI 
AND 
OEFH)-SNRH 


THEN 
CALL 
SNR"_RESPONSEI 


ELSE 
IF 
(RCI 
t.ND 
OEFH)-DISC 
THEN 
DOl 


BTATlON_BTATE-DIIICc:w.ECT 
_5J 


IF 
CRCI 
AND 
lOH)<>O 
THEN 
DOl 


TlL-o, 
CALL 
X"IT_\.INIMMIEREDC!.h\), 
END, 


ELSE 
JF 
(ReI 
AND OEFH)-TEST 


THEN 
DOl 


IF 
(RCI 
AND 
lOH»O 
'* Rupond 
if 
polhtl 
*' 
THEN 
DOl 
'* 
FOR 
BOV-t. 
SEND 
THE 
TEST 
RESPONSE 
WITHOUT 
AN 
I 
FJELD 
./ 


IF 
ClOY-I) 


THEN 
DOl 
llL.-O, 
CALL 
X"IT_UNNUI1IEREDCTEBT 
OR 
IOHb 


END. 


ELSE 
DOl 
/* 
If 
no BOY••• 
nd 
,..cdved 
I 
fhld 
b.ck 
to 
,1'1"1"\1 
*' 
T'L-..FL, 
TI9-RIS, 
CALL. 
X"lT_UHNUI'UIEREDCTE8T 
ell 
IOH)i 


rBII-.8JU_XHITJUFFE.UOJ, 
'* R•• to". 
Tn *' 


END • 


IF 
lHIT 
_IUFFER_E 
••• TY-O 
THEN 
DO. 
Tll-IJRAttEJ.ENQTH 
• 
1IF-., 


END • 


THEN 
DO. 


AH. 
Ii 
IF 
XHIT_IUf'FER_El'PTV 
• 
1 
TtEN 
TIL 
• 
0, 
TIF 
- 
II 
'* Send 
en 
AUTO .ode 
",•• pons. 
*/ 


•••• 
3 
.61 
3 


.68 
2 


'69 


110 
2 


11. 
2 


112 
2 
113 
2 


•15 
3 


111 
3 
11. 
3 
.,. 
3 
'80 , 
••• 
• 
•82 
• 
.83 
3 
••• 
3 


•83 
2 
.., 
3 
••• 
3 


.0. 
• 
.• 92 
• 
.93 
• 
•0. 
3 


.06 
3 
••• 
• 


200 
• 
20. 
• 
202 
3 
203 
3 
20. 
3 


203 
206 


208 
3 


210 
4 
all 
4 
ala 
4 
213 
4 
214 
4 
at' 
3 
at6 
1 


211 


81-0, 
If' 
BTATtON_8TATE<) 
I_T_8 
/. 
"ust 
h 
in 
NON-AUTO 
aD'" 
./ 


THEN 
DO • 
tF 
"IE-O 
,. 
R.cely." 
• 
,,, ••• 7 
Oive 
,.•• pon ••• 
/ 


THEN 
DOl 


DO 
CASE 
BTATlON_STATEl 


CALL 
INJ)lSCONNECT..6TATEI 


CALL INJ""'_STATE, 


END. 
".E-., 


END. 


'F •••••• 


THEN 
DO • 


IF 
(ReI 
AND 
OEFH)-DIBC 
THEN 
CALL 
CClI'I"WU)J)ECODE 
• 


ELSE 
IF 
UBER_8TATE-eLOBE'D_B 
THOt 
DOl 


TIL-o, 
CALL 
Xt1lT_utH.IPUIEIIlEDCREQ_DlSC}I 


END • 
ELSE.IF SEa-I 
THEN 
CALL 
Xt1JTJRPltCBESftR}, 


ELSE 
IF 
IOV-t 
THEN 
DOl'. 
DON'T 
BEND 
F1U'tR 
IF 
A TEST 
WAS 
REC£lYEo-l 


IF 
(Rei 
AHD OEAt) -TEST 
TlEN 
CALL 
CQI9WlQ)_DECODE, 


ELK 
CM.L. 
Xt1ITJRI1RCIUFF_OYERR1.»t), 


END. 


ELSE 
C•••. L 
Cot9'tAND...PECDDE, 


AlE-I, 


ENDl 


ELSE 
DOl '* 
I'lU8T 
STILL 
IE 
IN 
AUTO 
""DE *' 
IF TIF-o 
THEN 
X"IT 
__ UFFER~TY.ll 
'* 
TR~ITTED 
A 
F't'N'tE *' 


IF ••1£-0 
nEN 
DO, 


RIP-., 
'* RNR STATE *' 


R8E-l, 
'* RE-ENAILE 
RECEIVER *' 


CAU. 
8IU,..RECVCRFLlI 


"'''-0, 
'* RR STATE 
./ 
END. 


l'tODULE 
INFORNlTlON: 


COIlE SUE 
CQtreTAHT 
81 IE 
OUtEeT 
YNUAILE 
BilE 
INDIRECT 
YAAIAILE 
SIZE 
liT 
IIZE 


In-ADDRE88AlLE 
BIZE 
M,lXlLIAltV 
yAltIAiLE 
81ZE 
MJU 
••••••• STACK 
aUE 
•• eI8TEIt-aANKCa) 
UBEI): 


460 LINES 
RIEAD 


o 
,.ROCNtNt 
E'UUMCa), 


DC) .OJ1f 
'L/"-51 
Ctl'PlLATlDN 


(STATIC+OVEALAVABLE) 
• 
028FH 
6"D 
• 
OOOOH 
00 
3FH+02H 
630+ 
aD 
3CH+OOH 
6OD+ 
00 
D1H+OOH 
10+ 
00 
OOH+OOH 
OD+ 
00 
• 
000ltH 
60 
• 
0017H 
Z30 
o • 
2 


inter 


'TITLE 
".'UI 
.".,hh,.'.ft.CO) 
u •• "".oll: 
40J 
..a..18T 
DECLAAE 
LIT 
T"UE 
FALSE 
FOREVER 
EIIC 
LF 
C" 
IS 
IEL 
DPTY 
INUBE 
FULL 
USER_STATE_CLOSED 
LJt«_DIBCOfrrelIECTED 
Il'IElIFLOW 
DATA_TRAN8t'lTTED 


LITERALLY 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 


Il.FFER_LENOTH 
LIT 


BIU_XP'UT 
__ UFFER 
CIUFFERJ.ENOTH) 


SIUJEC 
•••• 
JUFFER 
(IUFFERJ,.ENOTH) 


FIFO_T(256) 
IYTE 


INJTR_T 
BYTE 


OUTJT1t_T 
IYTE 


IUFFER_BTATUS_T 
IYTE 


FI'OJU:256) 
BYTE 


INJ'TR-" 
IYTE 


OUT J'TR-" 
IVTE 


• ~ER_8TATVSJI 
BYTE 


'LITERALLY', 
'OFFH'. 
'OOH', 
'WHILE 
1 '. 


'l1H', 
'OAH', 
'ODH', 
'OBH', 
'07M', 
'OOH', 
'OIH', 
'OaH', 
'OOH', 
'OlH', 
'OaH', 
'0304', 


'60', 
IyTE 
EXTERNAL. 


IYTE 
EXTERNAL. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY 
• 


AUXILIARY. 


LENGTH 
CHAll 
I 
U8MT_C"'D 
DESTl 
•••• TION...ADDRESS 


SENDJ)ATA 
RESULT 
d"-"" 
INDEI 


ERRJESSAOEJTR 


AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY, 
AUXILIARY, 
AUJCILl 
NlY. 


OYER 
RUNC.) 
BYTE 
CONSTANTCLF.CR. 
'Ove""un 
E""o" 
D.t.ct.d·.LF.CR.O). 


LINM.7'.) 
IYTE 
CQN8To\NTCLF.CR.·Una.h 
to 
O.t 
Onlin.·.LF.CR.OQH). 
DEST_ADDR C.) 
IYTE 
CONST/ltNfCCR. 
LF. LF. 
·Ent." 
the 
d •• tination 
.dd" 
••• 
: 
'. 
18. 
18. 
0). 


SION_ONC.. 
IYTE 
CONSTANTCCR. 
LF. LF. 


'C\/) 
RUPI-44 
S.cond.".., 
8t.tion·, 
CR. 
LF. 
, 
\/', 
CR. 
LF. 
LF. 


'1 
- 
S.t 
the 
8t.tion 
•••dd" ••• 
•• LF. CR. 
'2 
- 
S.t 
the 
D•• t1n.t1on 
•••dd" ••• 
·.CR.LF. 


'3 
- 
00 
Onlin.·.CR.LF. 


'4 
- 
00 
Oflfll1n.·.CR.LF 
• 


• , 
- 
R.tu"n 
to 
t.",dn.I 
.0d.·.CR.LF.LF. 


• 
Ent." 
option: 
_'. 
88. 
0). 


X"lT _IUFFER_El'lPTY 
STCP _liT 
ECICI 
••••IT 
ERRORJLMl 


EXTERNAl.. 
/. 
S ••• 
phOT'. 
foT' 
RUPI 
SIOU 
T".n 
•• it 
luff 
••.• 
/ 


",TC147) 
REO. 
/. 
T." ••1n.l 
p.,.. ••• t."•• / 


•••TC084H) 
REO. 
/. 
Ti •• out 
l1a, 
./ 
/. 
E,.."o,.. 
•••••••• 
Flag 
./ 


U8NtT 
_ST •••TUS 
USART_D"'T'" 
TII"IER_CONTROL 
TUtER_O 
TJI"IER_1 
T1IlER...;z 


•••TC080 lH) 
"'UXILIARY. 
•••TCQ8OOH) 
AUXILIARY. 


•••TClOO3H) 
AUXILIARY. 


•••TC 1OOOHJ 
AUXI LI MY • 
•••TC1OO1H) 
AUXILIARY. 
••• 
n lOO2HJ 
AUXILIARY; 


6 
2 
7 
I 
• 
2 
• 
I 


10 
2 
II 
I 


12 
2 
13 
2 
14 
I 


15 
2 
16 
2 
17 
I 


18 
2 


I' 
2 


20 
2 
21 
2 
22 
2 
23 
2 


24 
2 
25 
2 
26 
2 
27 
2 


POWER_DNJ): 
PROCEDURE 
EXTERNM., 


END 
Po.ERUJNJ)' 


CLOSE: 
PROCEDURE 
EXTERNAL 
USING 
21 
£HI) 
CLOBE. 


TRAHBttJT: 
PROCEDURE 
(X"ITJUFFERJ,.ENOTH) 
BYTE 


DECLARE 
X"JTJUFFERJ.ENOTH 
IYTEJ 
END 
TRNB'IIT 
I 


Tlf'IER_O_INT: 
PROCEDURE 
INTERRUPT 
1 
USJNO 
I. 
~IT·OJ 
END 
Tll'ER_O_INT/ 


.•...•......, 
TI"IOD-2IH. 
THl-oFFH. 
TCQN-4OH, 


TU1ER_CONTRCL-37HI 
'* 
InUJ..U 
Ie 
USART'. 
sus' 
•• 
cloclll 
11254 
*/ 


TJI'EIt_o-o4+fl 
TJIER_o-ooH' 
TIPER_CONTROL-71H. 
/. 
JniUaU 
•• 
TIC. 
R.C 
0' 


'0 
D.finltlon 
far '1, 
•• itch 
Ue' 
to 
Pi. o to 
P1.,. 


lit 
Rate 
3 
2 


300 
on 
on 
on 


1200 
on 
on 
0" 
2400 
on 
0" 
on 


4800 
on 
0" 
0" 
'600 
0" 
on 
on 


1'200 
0" 
on 
0" 


8to, 
bit 


1 
on 
2 
0" 


"a,-U.,. 
0" 
on 
on 
0•• 
on 
off 
0" 
0" 
on 


even 
0" 
0" 


2tl 
2 
a. 
2 


31 
3 


32 
4 
33 
4 
34 
4 
3' 
4 


36 
4 
31 
4 
3lI 
4 
:l" 
4 


40 
4 
41 
4 
42 
4 
43 
4 


44 
4 
4' 
4 
46 
4 
41 
4 


4. 
4 
4.· 
4 
00 
4 
•• 
4 


••• 
4 
'3 
4 
54 
4 
•• 
4 
•• 
3 


01 
2 


". 
2 
,. 
a 
60 
a 


61 
2 
6a 
a 
63 
z 


6' 
a 


66 
2 
61 
2 
•• 
2 


1£ ••••••• 
AND 07H, 
/* 
R•• d 
the 
dip 
•• itch 
to 1I.'."."n. 
the 
Ht 
"ate 
*' 


IF TEI'P)' 


THEN 
1£t1P-O, 
DOC,.. 
TetP I 
'* 300 *' 


TlI'ER_I-a3H1 
THtER_I-2OH' 
END. 


TlI'ER_1-2OH1 
TlPlER_l-05H1 


END. 


TItER .-6OH, 
TU£R:.-02HJ 


END. 


TIf'IER_I-3OH1 
TIf'ER_l-01Hl 
END. 


TII'tER_l-05H1 
TJI'ER_l-OI 
END • 


TUER 
.-33H, 
T1P1ER:S-o, 
END • 


END. 


USMT_STATVS-O, 
'* 80,twa.,.8 pa".T'-oft 
"8 •• ' 
for 
8251A *' 
UBMT 
_STATUS-O, 


USMT 
_STATUS-OJ 
USMT 
_STATUS-4OHI 


TEf'P-oAHJ 
/* De'e".i". 
tll. 
perU\! 
and. 
o' stop bU_ 
8' 


TE••• ·TEtP 
OR 
CPI 
AND 3OH), 


IF 
STOP _In-. 


THEN 
TEt1P-TE"" 
OR 
OCQH, 


EL.SE 1£,.-1£.. 
0fIt 40H, 


UBMT 
STATUS-TEI'PI 
'* USART "aCe 
Word *' 


UBMT:STATUS. 
USART_Ct1D-27HJ 
'*USMT 
Co_.nd 
W01"d RTS. 
RIE. 
OfR. 
TIEN-.*' 


STAD-OFFH, 


., 
2 


70 
2 


72 
2 


73 
2 


7. 
2 


7. 
2 


76 


77 
2 
78 
2 
7. 
80 


81 


83 
3 
•• 
3 
8' 
3 
•• 
3 
87 
3 
88 
2 


'0 
•• 
2 


'2 
2 


'3 
2 
•• 
2 
•• 
2 
" 
3 
•• 
3 
" 
3 
100 
2 


102 
2 


103 


104 
2 


INJ'TR_T. 
OU1.)'1R_1. 
INJTR_R. 
OUT_PYA_A 
- 
OI/*lnithliu 
FIFO 
PTA._, 


IUFFER_tlTATUS_T. 
IUFFE"_BTATUS..Jt- 
E"TVJ 


CAU. 
POWER_tlN_Dl 


IP-01H, 
/. 
USART'. "aRII" 
h 
the 
hi ••••• ' 
flT'ia1"itV *' 
'* loth ••'."nel 
int.""u,t •• r. h"el 
trt, ••,..;e, 
'* En.~l. 
USART 'hRdV_ 
BI •• 
nd 
Tl •• " 
0 inteT'T'upt •• , 


ERRORJLAO-OJ 


END 
POWER_ON I 


'.'O-,,_IN: 
PROCEDURE 
(CHAlO 
USINO 
1. 
DECLARE 
CHAR 
IYTE, 
'I'O-"C INJTR_R).CHNh 
INJTRJI-INJTR_R+ll 


IF 
IUFFER_8TATUS_R-EI'1PTY 


THEN 
DOl 


£A-O, 
BUFFER_srA 
TUS.)'- 
I MUSE. 
EU-lI 
'* Enetlh 
UBART'. 
TIO int.rrupt 
*/ 
EA-l, 
ENO, 
EL.SE IF 
(CBUFFER_BTATUS_R-INUSE) 
AND 
(INJTR_R-OUT,yTR_R» 


THEN 
IUFFER_BTATUS_R-FULLJ 


END FIFOJt_INJ 


FIFO-"_OUT: 
PROCEDURE 
IYTE 
USING 
11 


CHM-FIF0....RCOUTJTR.Jt 
)J 
OUTJTR_R-DUr 
_PTRJt+lJ 
IF 
OUTJ'TRJ'-INJTR_" 


TJ£N 
DOl 


EX1-0, 
/* 
Shut: 
off 
riD 
int.rrupt 
*' 
IUFFER_STATUS_R-E 
••• TY, 


END. 
ELSE 
IF 
«IUFFER_8TATUS_R-FULU 
AND 
(OUT_PTR_R-2o-IN_PTA_R» 


THEN IUFFER_8TATUB_"-IHUSEJ 


RETURN 
CHAR, 


inter 


.~ 
2 


108 
3 


110 
4 
111 
4 
112 
4 


113 
4 
114 
4 
115 
4 


117 
118 


II. 
2 


120 


12. 
2 


122 
2 


123 
3 
124 
4 
125 
4 
126 
3 
.27 
3 


128 


.29 
2 


130 
2 


13' 
2 
132 
2 
133 
2 


135 
2 


•37 
2 


1~ 
3 
.40 
3 
.41 
3 


143 
3 
144 
1 


IF 
E""CltjLMl 


THEN DOl 


IF 
tESSAOE(ERA..."I1ESBAOE_INDEX)<>O 
/* 
Thn 
c:ontinu. 
to nnd th 
••••••• 
*/ 


llEN 
DOl 
USART _DATA. 
f£SSAOE(EAR_I1EBSAQE_INOEX)J 


ERRftSSAOE_INDEX-ERR_t1ESSAOE_1 
NDEl(+ 11 


ENO, 


ELSE 
DO. 
/. 
I' 
••••• 
,. 
is 
ilion. 'r••• t 
ERRORJLAO 
.nlll •••""" 0" 
lnt.,..,.upt 
il 
FIFO 
is 
•••,,,'4 */ 


ERRDR_FLAO-OI 
IF 
BUFFER_STATUS_R 
• 
E"TV 


THEN 
£)(1-0, 


ELSE 
USA"T Jh\TA-FIFO_R3JUT. 


END 
USART _Xt'llT 
_INTI 


81U_RECY: 
PROCEDURE (LENGTH) 
'ViLle 
VSINO II 


DECLME 
LENOTH 
IYTE. 


I 
IYTE 
AUXILIARY, 


DO 1-0 
TO 
LENGTH-I, 
DO WHIL£ 
8UFFER_STATUS..R-FIA..L, 
,. 
Ched 
to 
••• 
if 
'!fo 
is 
full 
*/ 


END. 
CALL 
FIFO-,,_INCSIU.JtEC"_IUFFER 
(1», 


END. 


FIFO_1_IN: 
PROCEDURE 
ICHAR) 
USU~ 
2J 


DECLME 
CHM 
IYTE, 


FIFO_TC 
IN_PTR_TJ-eHMI 
INJTR_T-INJ'TR_T+11 
IF 
CHM-LF 
THEN 
BEND_DATA-8ENDJ)ATA+l1 


IF 
IUFFER_STATUS_T-El9JTY 


THEN 
ILFFER_STATUS_T_INU8£ 
• 


ELSE 
IF 
(CIUFFER_STATUS_T-lNUSE) 
ANI) 
UNJTR_T+20-0uT_PTR_T» 
THEN DOJ 
,_ 
Stop 
".c.pUon 
using 
CTB _, 


USART _8T~TU8. 
USART _CMD-USART _CMD AND 
NOT (20M), 


BUF'FER_BTATVS_T-FULll 
IF 
SEND_D~TA-O 
THEN BENDJ)ATA-ll'*U 
the 
bu."" 
is 
full 
,-nll 
no 
IF 
h,-. 
be.n 
".c.iv.d 
then 
•• nd 
d,-t,. 
_, 


I" 
2 


146 


147 
2 
148 
2 
149 
2 


101 
3 
152 
3 
153 
3 
154 
3 
155 
3 
156 
2 


1511 
3 
159 
3 
160 
3 
161 
2 
163 
2 
.64 
• 


165 
2 


'66 
2 


167 
2 


169 
2 


171 
2 


173 
2 


174 
2 
175 
2 
176 
2 


177 


178 
2 


179 
2 


180 
2 
leI 
2 
182 
2 
183 
2 
184 
3 


CHAA-FJFO_TCOUT 
_P1R_1) 
I 
OUTJ""_T-ouT 
JTR_T+l, 
IF 
OUTJTR_T-IN_PTR_T 
,. 
Then 
FIFO_T 
is 
•• ,tv *' 


THEN 
1lO. 


£•••·0' 
II.FFER_STATUS_ 
T-EI'tPTV 
I 


SEND_DAf 
•••• O. 


E•••·l. 


END. 


ELSE 
IF 
(CIUFFER_STATUS_T-FULL) 
AND (OUT_PTR_T-So-INJTR_T» 


llEN 
DOl 


USMT_BTATUS. 
USMT_Crm-USAAT_CP1D 
OR 20th 
8UFFER_8TATUS_ 
T-INUSE. 


END. 
IF 
CCHAA-LF 
AND SEND_DATA>O) 
THEN SEND_DATA-se:ND_DATA-ll 
RETURN 
CHAR, 
END 
FIFO_T 
_04JTJ 


ERROR: 
PROCEDURE 
(STATUS) 
USINO 
il, 


IF 
<STATUS AND 08tu<>o 


TtEH 
ERR_PE6SAOEJ'TR-. 
PM ny. 
ELSE 
IF 
(STATUS 
NG) 
10tU<>0 


THEN 
ERR_1'E88AO£_PTR-. 
OYER_R'-"II 
ELSE 
IF 
(STATUS 
AND 2OH)<>O 


floEN 
ERRJEBSAOE_PTR-. 
FANE. 


ERRJESSAOE_INDEX 
• 
O. 
ERROR_FLAO-ll 
EX1-1, 
'* TUf"n 
on 
T. 
Int_""upt 
*/ 


DECLARE 
PESSAOE_PTR 
WORD 


I'EBSAQE 
lASED 


.J 
BYTE 


Ext_STORE 
81TI 


AUXILIARY. 
PEBSAOEJ'TR 
( 1 ) 
AUXILIARY 
• 


EU_STOAE-EUI 
,. 
Shut 
0" 
•• vnc t"."••U 
lnt.""upt *' 


EX1-0, 
PEl!SSAGEJ"TR-. LlNKI 
~-O. 
DO WHILE 
(I'ESSAOEhH<>Ob 


••• 
• 
'86 
• 
•• 7 
3 
•• 
3 
'89 
3 
.'" 
2 
••• 
• 


.92 
2 
.93 
2 
••• 
3 
••• 
3 
••• 
2 


•• 7 
.ft 
2 
••• 
200 
20. 


202 


203 
2 


204 
2 


20' 


20<> 
3 
207 
3 


209 
3 


2.0 
2 
211 
2 


2.3 


2" 


215 
2 
2 •• 
2 


217 
2 


2 •• 
3 
2'. 
3 
220 
3 


DO WHILE 
tVSMT_ST"TUS 
AND OIH)-o, 
/. 
WaU 
10 •• TIRDY 
Dn UBART *' 
END. 
UBMT J)ATA-I'ESSAOE(,J) 
I 
J-J+l • 
ENOl 
EX1-EX1_8TCNtEJ 
/. 
R•• to" ••••• 
ne 
trens.it 
inteT'f'up 
t */ 
END LlfriMJUSC, 


DO WHILE 
tUSART_BTATUS 
AND OIHJ 
• 
0, 


ENO, 
V8AAT ..PATA-CHAR 
I 


DO ••.• XL£ 
tUSART _STATUS 
AND 
02H. 
• 
0, 
END. 
RETURN 
USART_DATAI 


END 
CI, 


DO 
]-<) 
TO 
." 


IF 
CHNI-HEX_TAIILEt 
I) 
TIEN 
OOTo 
Ll, 


Ll: 
CALL 
CD UEX_TABLEt 
I», 
IF 1-•• 
THEN 
OOTo 
LO, 


END OETJ£X' 


DUTPUT_PESSAOE: 
PROCEDURE 
UEBSAOEJlTR) 
USINO 
0z, 
DEClM£ 
"88AOE_PTR 
WORD. 
I'ESSAO£ 
BASED 
f1ESSAOEJTR 
( 1 ) 
IYTE 
CONSTANT. 
t 
BYTE 
AUXlL.lNty, 


DO 
WHILE 
1'E8MQEt 
I) 
<> 
OJ 
C••••...L 
COtPESBAQE(]», 
1-1+., 


inter 


221 
3 


222 


223 


224 
2 


22' 
2 


226 
2 


227 
3 
22lI 
3 


230 
3 


231 
2 
232 
2 


234 


23' 
4 
236 
4 


237 


23lI 
4 


23'P 


240 


241 
242 


243 
244 


24' 


246 


247 


248 
4 


249 


DECLARE 
I 
BVTE 


CHAR 
BYTE 


STATlON.J\DDREB8 
IVTE 


AUXlL.IARY, 
AUXILIARY. 
AUXILIARY, 


DO 1-0 
TO •• 


IF 
CHM-t'lENU_CHAR 
(r ) 
TtEN 0010 
"I, 


"1: 
CALL 
COUtENU_CtWHI», 


IF 1-' 
THEN 
OOTO 
"Ol 


00 CASE II 


CALL. 
OUTPUTJES8AOEC 
STAT_ADDR), 


BTATlON-,dJDRESS-9HLCQETjEX 
•• 
, , 


BTATION_ADDRESS-CSTATIONjd)DRESS 
OR GET_I£X) 
, 


BTAD-BTATIONflDREBSI 


CALL 
OUTPUT_PES8AOEL 
S-"DDR_ACKh 


CALL 
COCHEX_TABLECSHRCSTATIONJtDDAEBS, 
4»), 


CALL 
C:OCHEX_TABLECOFH 
AND STATlONJ'DDRESS»)j 


CALL 
OUTPUT..JIESBAOEC. 
ADDRJtCKJIN)J 
END. 


CALL 
OUTPUT _f1ESBAOE (. DEST ~DDR), 


O£BTlNATIONJlDDRESS-SHLCQET_HEX. 
4) I 


D£STJNATION_ADDRE8S-CDEBTINATIONflDRESS 
OR GET_HEX 
), 


CALL 
OUTPUT_t'tES8AQE1. 
D..ADDR_ACKh 


inter 


allO 
4 
as! 
4 


a5a 
4 
a53 
4 


a54 
4 
ass 
4 
a56 
4 
a57 
4 


a•• 
4 
as. 
4 
a60 
4 
a.l 
4 


a.a 
3 


a~ 
3 


a•• 


a.5 
a 


a•• 


a.7 
a 
a•• 
a 
a•• 
a 


a71 
a 


a73 
3 
a74 
3 
a75 
3 


an 


a7. 


a7. 


aeo 
a 
281 
a 


2lI3 
4 


2lI4 
4 
285 
3 
ae. 
3 
287 
4 


CAU. 
COfHEX_TAlLEC_CDEeTINATIDNJ'DDitES 
•• 4))1 


CALL 
COCHEX_TAlLECOFH 
AND 
DESTlNATJDN.-ADDfllESS», 


CAU. 
our .•VT J"EB8AOEC. 
ADDftJl,CKJIN) 
I 


ENIl, 


CALL 
OUTPUTJtESSAOEL 
FIN), 
CALL (ltEN, 
END. 


CAU. 
OUTPUT..JtE88AO£<. 
FIN)) 
CAU. 
CLOBEI 
ENlh 


CAU. 
QUTPUTJ'ES8AOEL 
FIN»I 


ENOl '* 
DO cASE. 
., 


CHNt-V8MT 
..DATAl 
STATUS-USNIT 
_STATUS 
AND 
38M, 
IF 
IITATUS<>O 


THEN 
CAU. 
ERROIU8TAT\J8J 
I 


ELIE IF C_-ESC 


THEN 
CALL 
PEHUJ 
ELlIE 
DOl 
CAU. 
FIFO_T_INCCHMJJ 
IF 
ECttO-O 
THEN 
CALL. 
COCCHNU, 


IEOIN: 


CALL 
'OWER_ON, 


DO 
FQllltEYOlt 
IF 
1IEND..,.DATA>O 


THEN DO, 


DO WHI~ 
NOTCX'UTJUFFERJ:I'PTY)I 
,*w.u 
untll 
BIU_Xl'1lT_IUFFer 
is u.pt" *' 
END, 
LENGTH. 
C~ 
-I, 


BIU_Xptr 
TJUFFER 
(0)> -DE8T 
tHAT 
J ON_ADDIUBSI 
DO 
WHILE 
CCCHM<>LFJ 
AND 
CL.ENOTH(BUFFERJ.ENGTH) 
AND 
CIUFFER_&TATUS_T<>E 
•• 
TYJ)J 


CHAft.p:'JFD_T 
_DUTI 


8J V_X"J 
TJt.FFER« LENGTH) 
-CHAR, 


lENOTH-LENOTH+ 
11 


END. 


/. 
JfI 
th. 
11n •• 
nt.,..d 
.t 
th. 
t.,..in.l 
h 
,,. 
•• t.,. 
,PI.n II.FFE'-,J.ENOTH 
cPl."••• n' 
"'. 


fiT.' 
IUf1I'E'-,J.£NOTH 
cPlaT.than •• n' 
th. 
"•• tl 
.inc. 
tho 81U 
'uf' 
•.•• is onlv IUFFE'-_LENGTH 
." 
•• 
al 


Ll: 
J-o, 
/. 
U•• 
J to 
co",n' 
tho n",.b." ., 
",ns",cc.sf",l 
t".n •• it •• / 
~ 
3 


:w.J 
3 
a.4 
3 


a.. 
4 
a.7 
4 
2ft 
4 
a.1' 
4 
300 , 
301 , 
302 
4 
303 
4 
304 , 


~ , 
307 , 
30e , 
309 
4 
310 
4 
311 
3 


312 
2 
313 
1 


fCJDULE 
J •••• 
KATJDN: 


CODE: 
SUE 
C~T""T 
81ZE 
DJ.-ECT 
YNUABlE 
SUE 
JNDJ.-ECT 
YM. JAILE 
8J IE 
In 
SUE 
IJT-ADDltEBSAaLE 
BUE 
AUULINllY 
YMJMLE 
aUI! 
KAU 
••.•• 
STACM. 
SJZE 
.-EOJ8TE.--IAHM.(S) 
USED: 


713 
LJNES 
.-EAD 
o PfilOORNt 
ERRORCS) 
END 
Of' 
PL/"-'l 
C0I91LATlON 


JtE6ULT-TR~JT(LENOTH)j 
I. 
S.nd 
tho 
••••• 
, •• 
/ 
IF 
RESULT<>DATA_TRANm.ITTED 
THEN 
DO. 


I. Wait so •• ee ,." 
lin' 
,. 
conn.ct th.n 
t"v ••• in ./ 


liMIT-I, 
THo-3CH. 
TLO-QN='H. 
TRo-l. 
DO 
WHILE 
WAIT. 


ENth 
TIIIO-O. 
1-1+11 
IF 
1>100 THENDOl 
/. 
W.it 
, 
uc 
to ,., 
on 11n••••• 
••nlll.""0" ••••••• 
'0 t.".1n.l 


an' 
t"l1 
••• in 
01 
CAlL 
lINK_DISCI 


GOTO 
L1I 


END. 


(8TATIC+OYERLAYABLE) 
- 
OblaH 
17140 
• 
01CFH 
4630 
OOH+O,... 
OD+'O 
OOH+OOH 
00+ 
00 
02H+01H 
2D+ 
10 
OOH+OOH 
OD+ 
00 
- 
021FH 
,",3D 
- 
0028H 
400 
o 1 2 


fTITLE 
I 'RVPI-44 
P"im."\! 
Shtion'l 


fDEBVO 
fREOI 
STERB~NK 
(0) 
t'I~INff1QD: 
DO, 


DECLARE 
LIT 
TRUE 
FALSE 
FOREVER 


LITERALLY 
LIT 
LIT 
LIT 


DECL~RE 
SNRt'I 
UA 
DISC 
Ill< 
FR'" 
REO_DISC 
UP 
TEST 
RR 
RNR 


'LITER~LLY', 
'OFFH'-, 
'OOH', 
'WHILE 
1', 


'93H', 
'73H', 
'S3M', 
'lFH', 
'97H', 
'S3H', 
'33H', 
'OF3H', 
'11H', 
'lSH', 


,- 
ST~TION 
ST~TES 
_, 


DISCONNECT_S 
LIT 
'OOH', 
,. 
LOOICALLY 
DISCONNECTED 
STATE.' 
CO_tO_DISC 
LIT 
'OlH', 


I_T_S 
LIT 
'02M'. 
,. 
INFORI"l.-.TION 
TRANSFER 
STATE 
., 


/- 
PAR.-.I1ETERS 
PASSED 
TO 
XP'1IT _I_T 
_S 
_, 
T_I_FRAr1E 
LIT 
'DOH', 
T_RR 
LIT 
'olH', 
T_RNR 
LIT 
'o2M' 
, 


NVI"lBER_OF _STATIONS 
LIT 
'2'. 
SECONDARY _ADDRESSES 
I NVI"lBER_OF _STAT 
IONS) 
BYTE 
CONSTANT I SSH, 
43Hl, 


intJ 


• • 
10 • 
11 • 
,. • 
13 


" 
3 
•• 
3 
,. 
3 
17 
3 


18,. • 
.0 
• 
'1 
• 
•• • 
.3 
• 
•• 
•• 
•• 


'7 
.8 


RSD(NUHBER_DF 
_STATIONS) 
STRUCTURE 


(STATION_ADDRESS 
BYTE. 
STATION_STATE 
BYTE. 
NS 
BYTE, 
NR 
BYTE, 
BUFFER_STATUS 
BYTE. 
Ie 
The .t.tu. 
of 
U•••• 
cond.,,\! .tatton. 
bulfer 
*' 
INFO_LENQTH 
BYTE. 
Ol\T" 
< 64) 
BYTE) 
AUXILIARY, 


/* VNUABLES 
*/ 
ST"TION_HUf'tBER 
BYTE 


RECV_FIELD_LENGTH 
BYTE 


WAIT 
BIT. 


/* 
BUFFERS 
*/ 
BIU_Xf'lIT_BUFFERCb4) 
BYTe 


SIV_RECV_BUFFERlb4) 
BYTE. 


POWER_ON: 
PROCEDURE 
j 


DECLARE 
I 
BYTE 


Tas-, 
SJU_Xt1n_BUFFER(O), 
RBS-.SIU_RECV_BUFFERIO)1 
RSL-b4; 
'* 64 
Silt. 
receive 
Iluffe" 
*/ 
RIE-I, 
'* Enable 
the 
SIU', 
r.ceive" 
*/ 


RSO( I ). STATION_ADDRESS-SECONDARY 
_ADDRESSES 
( I) 
I 


RSOC I >. STATlON_STATE-DISCONNECT 
_5; 


RBDl I). 
BUFFER_STATUS-SUFFER_NOT 
_READY; 
RSD( 
I l 
INFO_LENgTH-OJ 


Sf10-'4Hl 
/. 
U.inl 
DPLL. 
NAZI. 
PFS. 
TII'tER 
1•• 
62. , 
Kbp. 
*/ 
Tf1OD-2Uh 
TH1-OFFH, 
TCON-4OH; 
/* u•• 
ti",.r 
0 for r.c.h'. 
ti.JIe out int.rrupt 
*/ 
IE-S2H; 


END 
POWER_ON; 


X"IT: 
PROCEDURE 
(CONTROL_IYTE 
L 


DECLARE 
CONTROL_BYTE 
BYTE • 


TCI-CONTROl. 
BYTE; 
TIF-l; 
- 


inter 


2. 
2 
30 
3 
31 
3 
32 
2 


33 


34 
35 
36 


37 


38 


3. 


40 
3 
41 
3 
42 
3 
43 
3 
•• • 
•• 
• 


.7 
49 
•• 
• 0 
" 
.2 


03 
•• 
2 
•• 
2 
'6 
2 


07 
3 
•• 
3 
60 
3 
61 
3 
62 
2 


63 


6' 
O. 


RTS-!, 
DO 
WHILE 
NOT 
81; 


ENOl 
51-0; 


TII'IER_O_INT: 
PROCEDURE 
INTERRUPT 
1 
USINO 
I; 


WAIT-Ol 


END 
TItER_O_INT; 


/. 
Ti.,_out 
",turn. 
true 
if 
the"e 
w •• n't 
• 
f"ame 
"eclivld 
within 
200 
1Il.'C. 


If 
there 
Ille•• 
""allll 
r,clivld 
lIIithin 
200 ••• 
c thIn 
time_out 
return. 
fel, •. 
*/ 


WAIT-!I 
THO-3CH. 
TLO-OAFHj 
TRO-!i 
DO 
WHILE 
W"'ITI 
IF 
9t-l 


THEN OoTo 
T_01 j 


END 
TIt1E_OUTI 


SEND_DISC: 
PROCEDURE' 


TBl-Oj 
CALL 
Xl1ITCDISC)1 
IF 
TJI'1E_OUT-FALSE 
THEN IF 
RCe-VA 
OR RCS-OM 


THEN 
DOl 


RSO( STATION_NUMBER). 
BUFFER_STATUS-aUFFER_NOT 
_READY, 


RSD CSTAT ION_NUI'tBER). 
STATION_STATE-DISCONNECT 
_51 


ENOl 


.... 
2 
••7 
2 


••• 
3 
70 
3 
71 
3 
72 
3 
73 
2 
~, 


70 
2 


7" 
2 


78 
2 


70 


80 


81 


83 
3 
8' 
3 
80 
3 
8•• 
2 


88 
2 


8. 


'0., 


.2 


., 
2 


.0 
3 


07 
'8 


CALL 
XMIT(SNRI'1)J 
IF 
(TIME 
our-FALSE) 
AND 
(RCa-VAl 


- 
THEN 
DO; 


RSD (STAT ION_NVt18ER 
I, STATION_STATE-I_T 
_5i 
Rse (STAT ION_NUf'lBER' 
NS-O; 
RSD (STATION_NUMBER'. 
NR-O; 


ENOl 


IF 
(RSDCSTATJON_NUMBER) 
NR-CSHR(RCB, 
1) 
AND 07H) 


THEN 
RETURN 
TRUE. 
ELSE 
RETURN 
FALSE. 


END 
CHECK_HS; 


CHECK_NR: 
PROCEDURE 
BYTE; 
'* Checll 
the 
NY' field 
of 
the 
received 
h'.me. 
II 
N,(P)+!-Nr(Sl 
then 
the 
fT'.m. 


hillS b •• n .'knolllledged. 
els11 if 
N'I(P)_NrCS) 
then 
the 
frillme h•• 
not 
b•• n 


acknowledged. 
el •• 
" ••• t 
the 
.econd."", 
*/ 


IF 
«CRSDCSTATION_NUf1BERLNS 
+ 
1) 
AND 07H) 
• 
SHR(RCB.~» 
THEN 
DO; 


RSO(STATlDrC"UP10ER,. 
NS-( 
(RSDCSTATION_NUI'IBER). 
NS+l) 
AND 07H) I 


RSOCSTATION_NUMOER). 
INFO_LENOTH-Oi 


END; 
ELSE 
IF 
(RSDCSTATION_NVt1BERI. NS <> SHRCRCB. 
5» 


THEN 
RETURN 
FALSE; 


'* 
If 
." 
RNR "".5 
r.c.i 
••••d 
buff.r_st.tus 
will 
be 
ch.ng.d 
in 
the 
sup.rvisor", 


fr.lIle 
decode 
s.ction 
futh.r 
down 
in 
this 
proc.dur 
••• 
n", 
oth.r 
r.spon.e 


Ill•• ". 
the 
r.mot. 
st.tions 
buff.r 
is 
r •• d", *' 


IF 
(RCD 
AND 01H)-O 
THEN 
DO; 
'* 
I 
Fr.m. 
R.c.ived 
*' 


IF 
(CHECK_NS-TRUE 
AND BOV-O 
AND CHECK_NR-TRUE) 
THEN 
DO; 


RSD(STATION_NUI'1BEA 
L NR-( 
(RSDISTATION_NUI'1BER). 
NR+1' 
AND 07H); 


RBP •• l; 


•• 
4 
100 
4 


101 
102 
103 


10' 
3 


107 
3 


10' 
3 


110 
3 
111 
3 


113 
4 
11. 
4 
1" 
• 
116 
3 
117 
3 


liB 
"' 


120 


121 


122 


124 
12' 
126 


127 
3 
12B 
3 
12. 
3 
130 
3 


132 


133 
134 


136 
3 


ELSE 
RSDtSTATION_NUMBER,. 
STATION_STATE-QO_TO_DISCI 


END. 
ELSE 
IF 
(RCS AND 03H)-OHI 
THEN 
DO; '* 
Sup."vitorv 
fit'."" 
T'u·.ived *' 


IF 
CHECK_NR-FALSE 
THEN 
RSDtSTATION_NUMBERL 
STATIDN_STATE-CO_TO_DISCi 


1* 
Unnu.bered 
fir_Me 
OT 
unknown 
'r_""e 
received 
*/ 


IF 
RCS-FRMR 
THEN 
DO; 
'* 
If 
FRf'lR 
w •• 
"eceived 
check 
NT' 'or 
.n 
_[knowledged 
I 
fT-.",. 
*/ 


RCB-SIU_REC",_BUFFER 
(1) 
j 


t-CHECK_NR; 


ENOl 


RSDCSTATION_NUMBER 
I. STATION_STATE-OO_TO_DISCi 


END; 


IF 
TEMP-T _I_FRAME 


THEN DOl 
/* 
TT_n"lit 
1 ,,,_.u 
*/ 
'* 1"_"sl.,. the .t.tion 
buffe" into intu·n.l 
,._1Il *' 


DO TEMP-O 
TO RSDtSTATION_Nut1BERL 
INFO_LENCTH-i. 
SJU_XI'1IT _BUFFER (TEMP )-RSDCSTATION_NUHBER). 
DATACTEHP, 
I 


ENO, 


TEr1P-tSHLCRSDtSTATION_NUHBER). 
f.fR, 
~u 
OR 
SHLtRSDISTATION_NVt1BER 
I 
He. 
1) 
OR 
10toO; 


TBl-RSO(STATION_NUI"lBER). 
INFO_LENCTH. 
CALL 
XI"lIT I TEI"lP)j 


IF 
TIP'tE_OUT-FAlSE 


THEN 
CALL 
RECEIVE; 


ELSE 
DO, 
1* 
Tr.nslI'li 
t 
RR 
or 
RNR*I 


IF 
TEr1P-T 
RR 


THEN 
TEI"lP-RR; 


ELSE 
TEI"lP-RNR, 


inter 


137 
138 
139 
.40 


142 
143 


144 


14' 
2 


'41> 
147 


14. 
3 


100 
2 


•• 2 
3 
•• 3 
3 
••• 
3 
••• 
2 


'07 
3 
•• e 
• 
••• • 
.1>0 
• 
11>1 
3 
11>2 
3 


'1>3 


II>' 


II>' 
2 
,.... 
3 
11>7 
3 
Il>e 
3 


170 


172 


17. 
3 


171> 


177 


TEI1P-(SHLCRSDCSTATlOtCNVf1BERJ. 
HR.~) 
OR TEI1P); 


TBL-Oi 
C'*'LL 
XI1ITCTEI1P); 


IF 
TIME_OUT-FALSE 
THEN 
CALL 
RECEIVE; 


END. 


END .I1lT_I_T_Sl 


BUFFER_TRANSFER: 
PROCEDURE; 


DO 1-0 
TO NUf'lBER_DF_STATIONS-I. 
IF 
RSDe 
I J. STATIO'CADDRESS-SIU_RECY_BUFFER 
CD) 
THEN 
OOTo 
Tl1 


THEN 
D0' 


RSP-O; 
RETURN 
• 


END • 


ELSE 
IF 
Rsoe 
I). 
INFD_LENOTH-O 


THEN 
001 


RSDI 
I I. 
INFO_LENGTH-RECY_FIELD_LENQTHi 


DO ..I-I 
TO 
REtV_FIELD_LENGTH; 


RSD( I L DO\TA(,J-l 
).SIU_RECY_BUFFER(J) 
i 


ENO, 
R8P-0, 


ENOl 


BEGIN: 


CALL 
POWER_ONi 


DO 
FOREVER; 


DO STATION_NVf1BER-O 
TO NUMBER_OF_STATIONS-Ii 
5T AD-RSD ( STAT I ON_N\Jf1BER ). STAT ION_ADDRESS' 
IF 
RSDCSTATJON_HUMBERL STATION_STATE. 
DISCONNECT_S 
THEN 
CALL 
SEND_SNRI11 
ELSE 
IF 
ASD(ST"TION_NUf1BERL 
STATION_STATE. 
CO_TO_DISC 
THEN 
C"-LL 
SEND_DISC. 


ELSE 
IF 
«RSD(STATJON_NU'lBER) 
INFO_LEHOTH>O) 
AND 


(RSD (STAT 
I ON_NUf'lDER). 
BUFFER_ST 
ATua-BUFFER 
_READV) 
) 


THEN 
CALL 
X"'IT_I_T_BCT_I_FRA"'E)' 


ELSE 
IF 
RBP-O 
THEN 
CALL 
X"'IT_I_T_SCT_RRl; 
ELSE 
CALL 
XI"IIT_I_T_SCT_RNR), 


IF 
RDP-1 
THEN 
CALL 
BUFFER_TRANSFER. 


I"lODULE 
It-4FORP'lATtON' 


COOE 
SIZE 
CONSTANT 
SIZE 
DIRECT 
YAR IABLE 
SIZE 
INDIRECT 
YARIABLE 
SIZE 
BIT 
SIZE 


BIT-ADDRESSABLE 
SIZE 
AUXILIARY 
YARIABLE 
SIZE 
KAXIr1l1I1 
STACK 
SIZE 
REOISTER-BANK(S) 
USED 
4~6 
L I NEB 
READ 
o 
PROQRAP1 
ERROR (a) 


END 
OF 
PL/I"l-'l 
COP1PILATION 


(STAT 
IC+OYERLA't'ABLE) 


• 
0'301-4 
1341D 
- 
OOO~1-4 
20 


401-4+021-4 
64D+ 
2D 
401-4+001-4 
640+ 
OD 


011-4+001-4 
ID+ 
00 
001-4+001-4 
00+ 
OD 
- 
00931-4 
147D 
• 
0019H 
2'D 
o 
1 
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8044AH/8344AH/8744H 


HIGH PERFORMANCE 8-BIT MICROCONTROLLER 
WITH ON-CHIP SERIAL COMMUNICATION 
CONTROLLER 


• 8044AH-lncludes 
Factory Mask Programmable 
ROM 


• 8344AH-For 
Use with External Program Memory 


• 8744H-lncludes 
User Programmable/Eraseable 
EPROM 


8051 MICROCONTROLLER CORE 


• 
Optimized for Real Time Control 
12 


MHz Clock, Priority Interrupts, 
32 


Programmable 
I/O Lines, Two 16-blt 


Timer ICounters 


• 
Boolean Processor 


• 
4K X 8 ROM, 192 X 8 RAM 


• 
64K Accessible 
External Program 


Memory 


• 
64K Accessible External Data Memory 


• 
4 /Ls Multiply and Divide 


SERIAL INTERFACE UNIT (SIU) 


• 
Serial Communication 
Processor that 


Operates Concurrently 
to CPU 


• 
2.4 Mbps Maximum Data Rate 


• 
375 Kbps using On-Chip Phase Locked 
Loop 


• 
Communication 
Software in Silicon: 


- 
Complete Data Link Functions 


- 
Automatic 
Station Response 


• 
Operates as an SDLC Primary or 
Secondary Station 


The RUPI-44 
family 
integrates 
a high performance 
8-bit Microcontroller, 
the Intel 8051 Core, with an Intelli- 


gent/high 
performance 
HDLC/SDLC 
serial communication 
controller, 
called 
the Serial 
Interface 
Unit (SIU). 


See Figure 1. This dual architecture 
allows complex 
control 
and high speed data communication 
functions 
to 
be realized 
cost effectively. 


Specifically, 
the 8044's 
Microcontroller 
features: 
4K byte On-Chip 
program 
memory 
space; 
32 I/O lines; two 
16-bit timer/event 
counters; 
as-source; 
2-level 
interrupt 
structure; 
a full duplex 
serial 
channel; 
a Boolean 
processor; 
and on-chip 
oscillator 
and clock circuitry. 
Standard 
TTL and most byte-oriented 
MCS-80 and MCS- 
85 peripherals 
can be used for I/O amd memory 
expansion. 


The Serial Interface 
Unit (SIU) manages 
the interface 
to a high speed serial link. The SIU offloads 
the On-Chip 
8051 
Microcontroller 
of communication 
tasks, 
thereby 
freeing 
the CPU to concentrate 
on real time control 
tasks. 


The RUPI-44 family consists 
of the 8044, 8744, and 8344. All three devices 
are identical 
except 
in respect 
of 


on-chip 
program 
memory. 
The 8044 
contains 
4K bytes 
of mask-programmable 
ROM. 
User programmable 
EPROM 
replaces 
ROM in the 8744. The 8344 addresses 
all program 
memory 
externally. 


The RUPI-44 
devices 
are fabricated 
with Intel's 
reliable + 5 volt, silicon-gate 
HMOSII 
technology 
and pack- 
aged in a 40-pin 
DIP. 


The 
8744H 
is available 
in a hermetically 
sealed, 
ceramic, 
40-lead 
dual 
in-line 
package 
which 
includes 
a 
window 
that allows for EPROM erasure when exposed 
to ultraviolet 
light (See Erasure Characteristics). 
During 
normal operation, 
ambient 
light may adversely 
affect the functionality 
of the chip. Therefore 
applications 
which 
expose 
the 8744H to ambi~nt 
light may require an opaque 
label over the window. 


8044'5 Dual Controller 
Architecture 


HOLCI 
SOLC 
port 


inter 


+ 5V power 
supply 
during operation 
and program 


verification. 


PORT 0 
Port 0 is an 8-bit open drain bidirectional 
I/O port. 
It is also 
the 
multiplexed 
low-order 
address 
and 


data bus when 
using external 
memory. 
It is used 


for data output 
during program 
verification. 
Port 0 


can sink/source 
eight LS TTL loads (six in 8744). 


Port 1 is an 8-bit quasi-bidirectional 
I/O 
port. It is 


used 
for the 
low-order 
address 
byte 
during 
pro- 


gram verification. 
Port 1 can sink/source 
four 
LS 


TTL loads. 


In non-loop 
mode two of the I/O lines serve alter- 


nate functions: 


- 
RTS (P1.6). Request-to-Send 
output. 
A low in- 


dicates 
that the RUPI-44 
is ready to transmit. 


- 
CTS (P1.7) Clear-to-Send 
input. A low indicates 


that a receiving 
station 
is ready to receive. 


Port 2 is an 8-bit quasi-bidirection 
I/O port. It also 


emits the high-order 
address 
byte when accessing 


external 
memory. 
It is used for the high-order 
ad- 


dress and the control 
signals during program verifi- 


cation. 
Port 2 can sink/ source 
four LS TTL loads. 


Port 3 is an 8-bit quasi-bidirectional 
I/O port. It also 


contains 
the 
interrupt, 
timer, 
serial 
port 
and 
RD 


and WR pins that are used by various options. 
The 


output latch corresponding 
to a secondary 
function 


must be programmed 
to a one (1) for that function 


to operate. 
Port 3 can 
sink/source 
four 
LS LTT 


loads. 


In addition 
to I/O, 
some of the pins also serve al- 
ternate 
functions 
as follows: 


- 
I/O 
RxD (P3.0). 
In point-to-point 
or multipoint 


configurations, 
this pin controls 
the direction 
of 


pin P3.1. Serves as Receive 
Data input in loop 


and diagnostic 
modes. 


- 
DATA TxD (P3.1) In point-to-point 
or multipoint 


configurations, 
this pin functions 
as data input! 


output. 
In loop mode, it serves 
as transmit 
pin. 


A 
'0' 
written 
to 
this 
pin 
enables 
diagnostic 


mode. 


- 
INTO (P3.2). 
Interrupt 
0 input 
or gate 
control 
input for counter 
O. 


- 
INT1 
(P3.3). 
Interrupt 
1 input 
or gate 
control 


input for counter 
1. 


- 
TO (P3.4). Input to counter 
O. 


- 
SCLK T1 (P3.5). In addition 
to I/O, this pin pro- 


vides input to counter 
1 or serves as SCLK (se- 


rial clock) 
input. 


- 
WR (P3.6). The write control 
signal latches 
the 


data 
byte 
from 
Port 0 into the 
External 
Data 


Memory. 


- 
RD (P3.7). The read control 
signal enables 
Ex- 


ternal 
Data Memory 
to Port O. 


A high on this pin for two machine 
cycles while the 


oscillator 
is running 
resets the device. 
A small ex- 


ternal 
pulldown 
resistor 
(:::::8.2KO) 
from 
RST 
to 


Vss 
permits 
power-on 
reset 
when 
a 
capacitor 


(:::::10,...f) is also connected 
from this pin to Vcc. 


Provides 
Address 
Latch 
Enable 
output 
used 
for 


latching 
the address 
into external 
memory 
during 


normal operation. 
It is activated 
every six oscillator 


periods except during an external 
data memory ac- 


cess. ,It also receives 
the program 
pulse 
input for 


programming 
the EPROM version. 


The Program 
Store Enable output 
is a control 
sig- 
nal that enables 
the external 
Program 
Memory 
to 


the bus during external 
fetch operations. 
It is acti- 


vated 
every 
six oscillator 
periods, 
except 
during 


external 
data 
memory 
accesses. 
Remains 
high 


during internal 
program 
execution. 


EAlVPP 


When 
held at a TTL high level, the RUPI-44 
exe- 


cutes instructions 
from the internal 
ROM when the 


PC is less than 
4096. 
When 
held 
at a TTL 
low 


level, the RUPI-44 fetches 
all instructions 
from ex- 


ternal Program 
Memory. 
The pin also receives 
the 


21V EPROM 
programming 
supply 
voltage 
on the 


8744. 


inter 


Input to the oscillator's high gain amplifier. Re· 
quired when a crystal is used. Connect to VSS 
when external source is used on XTAL 2. 


Output from the oscillator's amplifier. Input to the 
internal timing circuitry. A crystal or external source 
can be used. 


".0 
vcc 
'" 
P1.1 
".0 
ADO 


~=}; 


".2 
"., 
AD' 
", 
".2 
AD2 
~:: 
~ 
P1 .• 
".J 
ADJ 


•. 
c 
PU 
".. 
ADO 
-'" '" 
IITS 
P'.I 
".5 
AD5 
_ .. 
0: 
m 
".1 
".1 
Aot 


~["': 


liST 
".7 
AD7 


li6 
IIKD 
PJ.O 
Ii 
,VPP 


DATA 
TKO 
PJ.l 
ALE 
PIIOG 


INTO 
PH 
JIIIj 


INT, 
PU 
AU 


TO 
PJ.' 
AU 
'" 


_ 
CTS 
SCLK 
T' 
PH 
AU 
l~ 
'''-f 
:}~; 


Viii 
PU 
A'2 
•.. 
DATA TX04- 
u 
_ 
z 
INTO~ 
~ 
110 
P3.7 
All 
~ 
l;iffi~ 
:E 
0:_'" 
KTAL2 
A,O 
~ 
TO-., 0 
:? 
- 
::: 
XTAL' 
A' 
~ 
seLK T1-' 
CL 
0: 
_ 
0 


~ 
W"4- 
0 
VSS 
AI 
_ 
c 


~ 
Al5~ 
231663-3 
'" 


231663-2 


Figure 2. Logic Symbol 
Figure 3A. DIP Pin Configuration 


~ "! 
"! 
-: ~ ~ 
<.>~ 
'" 
..., 
;,: ;,: ;,: ;,: ;,: 
<'>0 
ci 
ci 
ci 
z 
> 
Q. 
Q. 
Q. 
Q. 


Pl.5 
7 
PO.4 


P1.6 
8 
PO.5 


Pl.7 
9 
PO.6 


RST/VPO 
10 
PO.7 


P3.0 
11 
EA 


N/C 
12 
8044 
N/C 


P3.1 
13 
8344 
ALE 


P3.2 
14 
PSEN 


P3.3 
15 
P2.7 


P3.4 
16 
P2.6 


P3.5 
P2.5 


<D 
•... '" 
::; 
"'u 
0 
N 
N ..., .. 
,,; 
,,; 
...J ~ "''- N 
N 
co< 
N 
Q. 
Q. ~ 
> 
Z 
Q. 
Q. 
Q. 
Q. 
Q. 


X 
x 
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Figure 38. PLCC Pin Configuration 
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Figure 
4. Block 
Diagram 


• 
4K bytes of ROM 


• 
192 bytes of RAM 


• 
32 I/O lines 


• 
64K address 
space for external 
Data Memory 


• 
64K address 
space for external 
Program 
Memory 


• 
two fully programmable 
16-bit timer/counters 


• 
a five-source 
interrupt 
structure 
with two priority 
levels 


• 
bit addressability 
for Boolean 
processing 


OSCIL 
LATOR 
•• 
TIMING 


INTERRUPTS 
~--- 


PARALLEL 
PORTS 
ADDRESS DATA BUS 
AND 110 PINS 


The 8044 integrates 
the powerful 
8051 microcontrol- 


ler with an intelligent 
Serial Communication 
Control- 


ler to provide 
a single-chip 
solution 
which 
will effi- 
ciently 
implement 
a distributed 
processing 
or distrib- 


uted control 
system. 
The 
microcontroller 
is a self- 


sufficient 
unit containing 
ROM, 
RAM, ALU, and its 


own 
peripherals. 
The 
8044's 
architecture 
and 
in- 
struction 
set are identical 
to the 8051 'so The 
8044 


replaces 
the 
8051's 
serial 
interface 
with an intelli- 


gent 
SDLC/HDLC 
Serial 
Interface 
Unit 
(SIU). 
64 


more 
bytes of RAM have been added 
to the 8051 


RAM array. The SIU can communicate 
at bit rates up 


to 2.4 M bps. The SIU works 
concurrently 
with the 


Microcontroller 
so that there is no throughput 
loss in 


either 
unit. Since the SIU possesses 
its own intelli- 
gence, the CPU is off-loaded 
from many of the com- 
munications 
tasks, thus dedicating 
more of its com- 


puting power to controlling 
local peripherals 
or some 


external 
process. 


The 
microcontroller 
is a stand-alone 
high-perform- 


ance 
single-chip 
computer 
intended 
for use in so- 


phisticated 
real-time 
application 
such as instrumen- 


tation, industrial 
control, 
and intelligent 
computer 
pe- 


ripherals. 


The major features 
of the microcontroller 
are: 


• 
8-bit CPU 


• 
on-chip 
oscillator 


TWO 16-BIT 
TIMER EVENT 
COUNTERS 


.AM 
{D 


~iii 


INDIRECT. 
ADDRESS 
ING 


!!! 135 
127 
~ESS'l!!127 
12. 
HITS 
IN 
SFR. 
32 1 
(12ISITSI 
- 
R7 
24 
fIlO .ANK 3 


:- 
A7 
BANK2 


REGISTERS 
- 
A7 


• 
fIlO 
BANK 
1 


~ 
A7 
BANKO 


• 
110 
HDLC/SDLC 
SERIAL 
COMMUNICATIONS 


SPECIAL 
FUNCTtON 
REGISTERS 
~ 
ill 255 
241 F'H 
FOH 
E,H 
EOH 
D,H 
DOH 
C,H 
COH 
.,H 
BOH 
A'H 
AOH 
I,H 
IOH 
IOH 
121 
10H 


• 
1 p's instruction 
cycle time for 60% of the instruc- 


tions 
2 p.s instruction 
cycle 
time for 40% 
of the 


instructions 


• 
4 p.s cycle time for 8 by 8 bit unsigned 
Multiply/ 


Divide 


Functionally 
the 
Internal 
Data Memory 
is the 
most 


flexible 
of the 
address 
spaces. 
The 
Internal 
Data 


Memory 
space is subdivided 
into a 256-byte 
Internal 


Data 
RAM 
address 
space 
and 
a 128-bit 
Special 


Function 
Register 
address 
space as shown in Figure 


5. 


The 8044 
has 32 general-purpose 
I/O 
lines which 


are arranged 
into four 
groups 
of eight 
lines. 
Each 


group 
is called 
a port. 
Hence 
there 
are four 
ports; 


Port 0, Port 
1, Port 2, and 
Port 3. Up to five lines 


from 
Port 3 are dedicated 
to supporting 
the 
serial 


channel 
when the SIU is invoked. 
Due to the nature 


of the serial port, two of Port 3's I/O lines (P3.0 and 
P3.1) 
do 
not 
have 
latched 
outputs. 
This 
is true 


whether 
or not the serial channel 
is used. 


Port 0 and Port 2 also have an alternate 
dedicated 


function. 
When placed 
in the ex1ernal access 
mode, 


Port 0 and Port 2 become 
the means 
by which 
the 


8044 communicates 
with ex1ernal program 
memory. 


Port 0 and Port 2 are also the means 
by which 
the 


8044 communicates 
with external 
data memory. 
Pe- 


ripherals 
can be memory 
mapped 
into the address 


space and controlled 
by the 8044. 


The Internal 
Data RAM address 
space 
is 0 to 255. 
Four 8-Register 
Banks 
occupy 
locations 
0 through 


31. The stack can be located 
anywhere 
in the Inter- 
nal Data 
RAM 
address 
space. 
In addition, 
128 bit 


locations 
of the on-chip 
RAM are accessible 
through 


Direct Addressing. 
These bits reside in Internal 
Data 


RAM at byte locations 
32 through 47. Currently 
loca- 


tions 
0 through 
191 of the 
Internal 
Data 
RAM ad- 


dress space are filled with on-chip 
RAM. 


Table 2. MCS<8>·51Instruction 
Set Description 


Mnemonic 
Description 
Byte 
Cyc 


ARITHMETIC 
OPERATIONS 


ADD 
A,Rn 
Add register to 
Accumulator 


ADD 
A,direct 
Add direct byte 
to Accumulator 
2 


ADD 
A,@Ri 
Add indirect 
RAM to 
Accumulator 


ADD 
A,#data 
Add immediate 
data to 
Accumulator 
2 


ADDC 
A,Rn 
Add register to 
Accumulator 
with Carry 
ADDC 
A,direct 
Add direct byte 
to A with Carry 
flag 
2 


ADDC 
A,@Ri 
Add indirect 
RAM toAwith 
Carry flag 
ADDC 
A,#data 
Add immediate 
data to A with 
Carry flag 
2 


SUBB 
A,Rn 
Subtract 
register 


from A with 
Borrow 
SUBB 
A,direct 
Subtract 
direct 


byte from A with 
Borrow 
2 


Mnemonic 
Description 
Byte 
Cyc 


ARITHMETIC 
OPERATIONS 
(Continued) 


SUBB 
A,@Ri 
Subtract 
indirect 


RAM from A with 
Borrow 
SUBB 
A,#data 
Subtract 
immed 


data from A with 
Borrow 
2 


INC 
A 
Increment 
Accumulator 


INC 
Rn 
Increment 
register 
INC 
direct 
Increment 
direct 


byte 
2 


INC 
@Ri 
Increment 
indirect RAM 
INC 
DPTR 
Increment 
Data 


Pointer 
2 


DEC 
A 
Decrement 
Accumulator 


DEC 
Rn 
Decrement 
register 
DEC 
direct 
Decrement 
direct byte 
2 


DEC 
@Ri 
Decrement 
indirect 
RAM 
1 


MUL 
AB 
Multiply A & B 
4 


DIV 
AB 
Divide A by B 
4 


DA 
A 
Decimal Adjust 
Accumulator 


inter 
8044AH/8344AH/8744H 
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Table 2. MCS@·51 Instruction 
Set Description 
(Continued) 


Mnemonic 
Description 
Byte 
Cyc 
Mnemonic 
Description 
Byte 
Cyc 


LOGICAL 
OPERATIONS 
LOGICAL 
OPERATIONS 
(Continued) 
ANL 
A,Rn 
AND register to 
RL 
A 
Rotate 
Accumulator 
Accumulator 


ANL 
A,direct 
AND direct byte 
Left 


to Accumulator 
2 
RLC 
A 
Rotate A Left 


ANL 
A,@RI 
AND indirect 
through the 
RAM to 
Carry flag 
Accumulator 
RR 
A 
Rotate 
ANL 
A,#data 
AND immediate 
Accumulator 
data to 
Right 
Accumulator 
2 
RRC 
A 
Rotate A Right 
ANL 
direct,A 
AND 
through 
Carry 
Accumulator 
to 
flag 


direct byte 
2 
SWAP 
A 
Swap nibbles 
ANL 
direct, # data 
AND immediate 
within the 
data to direct 
Accumulator 
byte 
3 
2 
DATA TRANSFER 


ORL 
A,Rn 
OR register to 
MOV 
A,Rn 
Move register to 
Accumulator 
Accumulator 
ORL 
A,direct 
OR direct byte to 
MOV 
A,direct 
Move direct byte 
Accumulator 
2 
to Accumulator 
2 
ORL 
A,@Ri 
OR indirect RAM 
MOV 
A,@RI 
Move indirect 
to Accumulator 
RAM to 
ORL 
A,#data 
OR immediate 
Accumulator 
data to 
MOV 
A, # data 
Move immediate 
Accumulator 
2 
data to 
ORL 
direct,A 
OR Accumulator 
Accumulator 
2 
to direct byte 
2 
MOV 
Rn,A 
Move 


ORL 
direct, # data 
OR immediate 
Accumulator 
to 
data to direct 
register 
byte 
3 
2 
MOV 
Rn,direct 
Move direct byte 
XRL 
A,Rn 
Exclusive-OR 
to register 
2 
2 
register to 
MOV 
Rn,#data 
Move immediate 
Accumulator 
data to register 
2 
XRL 
A,direct 
Exclusive-OR 
MOV 
direct,A 
Move 


direct byte to 
Accumulator 
to 
Accumulator 
2 
direct byte 
2 
XRL 
A,@RI 
Exclusive-OR 
MOV 
direct,Rn 
Move register to 
indirect RAM to 
direct byte 
2 
2 
A 
MOV 
direct, direct 
Move direct byte 
XRL 
A,#data 
Exclusive-OR 
to direct 
3 
2 
immediate 
data 
MOV 
direct,@Ri 
Move indirect 
toA 
2 
RAM to direct 
XRL 
direct,A 
Exclusive-OR 
byte 
2 
2 
Accumulator 
to 
MOV 
direct, # data 
Move immediate 
direct byte 
2 
data to direct 
XRL 
direct,#data 
Exclusive-OR 
byte 
3 
2 
immediate 
data 
MOV 
@Ri,A 
Move 


to direct 
3 
2 
Accumulator 
to 
CLR 
A 
Clear 
indirect RAM 
Accumulator 
MOV 
@Ri,direct 
Move direct byte 
CPL 
A 
Complement 
to indirect RAM 
2 
2 
Accumulator 


15-6 


inter 
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Table 2. MCS@-51 Instruction 
Set Description 
(Continued) 


Mnemonic 
Description 
ByteCyc 
Mnemonic 
Description 
Byte 
Cyc 


DATA TRANSFER 
(Continued) 
BOOLEAN 
VARIABLE 
MANIPULATION 
MOV 
@Ri,#data 
Move immediate 
(Continued) 
data to indirect 
ANL 
C,Ibit 
AND 


RAM 
2 
complement 
of 
MOV 
DPTR, # data 16 Load Data 
direct bit to 
Pointer with a 
Carry 
2 
2 
16-bit constant 
3 
2 
ORL 
C/bit 
OR direct bit to 
MOVCA,@A+DPTR 
Move Code byte 
Carry flag 
2 
2 
relative to DPTR 
ORL 
C,Ibit 
OR complement 
toA 
2 
of direct bit to 
MOVCA,@A+PC 
Move Code byte 
Carry 
2 
2 
relative to PC to 
MOV 
C,Ibit 
Move direct bit 
A 
2 
to Carry flag 
2 
MOVXA,@Ri 
Move External 
MOV 
bit,C 
Move Carry flag 
RAM (8-bit addr) 
to direct bit 
2 
2 
toA 
2 


MOVXA,@DPTR 
Move External 
PROGRAM 
AND MACHINE 
CONTROL 
RAM (16-bit 
ACALL 
addr11 
Absolute 


addr) toA 
2 
Subroutine 
Call 
2 
2 
MOVX@Ri,A 
Move A to 
LCALL 
addr16 
Long Subroutine 
External 
RAM 
Call 
3 
2 
(8-bit addr) 
2 
RET 
Return from 
MOVX@DPTR,A 
Move A to 
subroutine 
2 
External 
RAM 
RETI 
Return from 
(16-bit) addr 
2 
interrupt 
1 
2 
PUSH direct 
Push direct byte 
AJMP 
addr11 
Absolute 
Jump 
2 
2 
onto stack 
2 
2 
LJMP 
addr16 
Long Jump 
3 
2 
POP 
direct 
Pop direct byte 
SJMP 
rei 
Short Jump 
from stack 
2 
2 
(relative addr) 
2 
2 
XCH 
A,Rn 
Exchange 
JMP 
@A+ DPTR Jump indirect 
register with 
relative to the 
Accumulator 
DPTR 
2 
XCH 
A,direct 
Exchange 
direct 
JZ 
rei 
Jump if 
byte with 
Accumulator 
is 
Accumulator 
2 
Zero 
2 
2 
XCH 
A,@Ri 
Exchange 
JNZ 
rei 
Jump if 
indirect RAM 
Accumulator 
is 
with A 
Not Zero 
2 
2 
XCHDA,@Ri 
Exchange 
low- 
JC 
rei 
Jump if Carry 
order Digit ind 
flag is set 
2 
2 
RAMwA 
JNC 
rei 
Jump if No Carry 


BOOLEAN 
VARIABLE 
MANIPULATION 
flag 
2 
2 


JB 
bit,rel 
Jump if direct Bit 
CLR 
C 
Clear Carry flag 
1 
set 
3 
2 
CLR 
bit 
Clear direct bit 
2 
JNB 
bit,rel 
Jump if direct Bit 
SETB 
C 
Set Carry Flag 
1 
Not set 
3 
2 
SETB 
bit 
Set direct Bit 
2 
JBC 
bit, rei 
Jump if direct Bit 
CPL 
C 
Complement 
is set & Clear bit 
3 
2 
Carry Flag 
CJNE 
A,direct,rel 
Compare 
direct 
CPL 
bit 
Complement 
to A &Jump 
if 
direct bit 
2 
Not Equal 
3 
2 
ANL 
C,bit 
AND direct bit to 
CJNE 
A,#data,rel 
Comp, immed, 
Carry flag 
2 
2 
toA&Jump 
if 


Not Equal 
3 
2 
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Table 2. MCS@·51Instruction 
Set Description (Continued) 


Mnemonic 
Description 
Byte Cyc 


PROGRAM AND MACHINE CONTROL 
(Continued) 
CJNE Rn,#data,rel 
Comp, immed, 
to reg & Jump if 
Not Equal 


CJNE @Ri,#data, rei Comp, immed, 
to indo& Jump if 
Not Equal 
Decrement 
register & Jump 
if Not Zero 
Decrement 
direct & Jump if 
Not Zero 
No operation 


Notes on data addressing modes: 
Rn 
- 
Working register RO-R7 


direct 
- 
128 internal RAM locations, any I/O 
port, control or status register 
- 
Indirect internal RAM location ad- 
dressed by register ROor R1 


The 8044 contains two 16-bit counters which can be 
used for measuring time intervals, measuring pulse 
widths, counting events, generating precise periodic 
interrupt requests, and clocking the serial communi- 
cations. Internally the Timers are clocked at 1/12 of 
the crystal frequency, which is the instruction cycle 
time. Externally the counters can run up to 500 KHz. 


External events and the real-time driven on-chip pe- 
ripherals require service by the CPU asynchronous 
to the execution of any particular section of code. To 
tie the asynchronous activities of these functions to 
normal program execution, a sophisticated multiple- 
source, two priority level, nested interrupt system is 
provided. Interrupt response latency ranges from 3 
J.Lsecto 7 J.Lsecwhen using a 12 MHz clock. 


All five interrupt sources can be mapped into one of 
the two priority levels. Each interrupt source can be 
enabled or disabled individually or the entire inter- 
rupt system can be enabled or disabled. The five 
interrupt sources are: Serial Interface Unit, Timer 1, 
Timer 2, and two external 'interrupts. The external 
interrupts can be either level or edge triggered. 


Notes on data addressing modes: 
(Continued) 
#data 
- 
8-bit constant included in instruction 


#data16-16-bit 
constant included as bytes 2 


& 3 of instruction 


- 
128 software flags, any I/O pin, con- 
troll or status bit 


Notes on program addressing modes: 
addr16 
- 
Destination address for LCALL & 
LJMP may be anywhere within the 
64-K 
program 
memory 
address 


space 
Addr11 
- 
Destination address for ACALL & 
AJMP will be within the same 2-K 
page of program memory as the first 
byte of the following instruction 


- 
SJMP and all conditional jumps in- 
clude an 8-bit offset byte, Range is 
+ 127 - 128 bytes relative to first 
byte of the following instruction 


All mnemoniccopyrighted@)IntelCorporation1979 


Serial Interface 
Unit (SIU) 


The Serial Interface Unit is used for HDLC/SDLC 
communications. It handles Zero Bit Insertion/Dele- 
tion, Flags automatic access recognization, and a 
16-bit cyclic redundancy check. In addition it imple- 
ments in hardware a subset of the SDLC protocol 
certain applications it is advantageous to have the 
CPU control the reception or transmission of every 
single frame. For this reason the SIU has two modes 
of operation: "AUTO" and "FLEXIBLE" (or "NON- 
AUTO"). It is in the AUTO mode that the SIU re- 
sponds to SDLC frames without CPU intervention; 
whereas, in the FLEXIBLE mode the reception or 
transmission of every single frame will be under CPU 
control. 


There are three control registers and eight parame- 
ter registers that are used to operate the serial inter- 
face. These registers are shown in Figure 5 and Fig- 
ure 6. The control register set the modes of opera- 
tion and provide status information. The eight pa- 
rameter registers buffer the station address, receive 
and transmit control bytes, and point to the on-chip 
transmit and receive buffers. 


Data to be received or transmitted by the SIU must 
be buffered anywhere within the 192 bytes of on- 
chip RAM. Transmit and receive buffers are not al- 
lowed to "wrap around" in RAM; a "buffer end" is 
generated after address 191 is reached. 


intJ 


B REGISTER 
ACCUMULATOR 
'THREE 
BYTE FIFO 


TRANSMIT 
BUFFER START 
TRANSMIT 
BUFFER LENGTH 
TRANSMIT 
CONTROL BYTE 


o SIU STATE COUNTER 
SEND COUNT RECEIVE COUNT 
PROGRAM STATUS WORD 
°DMA COUNT 
STATION ADDRESS 
RECEIVE FIELD LENGTH 
RECEIVE BUFFER START 
RECEIVE BUFFER LENGTH 
RECEIVE CONTROL 
BYTE 
SERIAL MODE 
STATUS REGISTER 
INTERRUPT 
PRIORITY CONTROL 
PORT 3 
INTERRUPT ENABLE CONTROL 
PORT 2 
PORT 1 
TIMER HIGH 1 
TIMER HIGH 0 
TIMER LOW 1 
TIMER LOW 0 
TIMER MODE 
TIMER CONTROL 
DATA POINTER HIGH 
DATA POINTER LOW 
STACK POINTER 
PORT 0 


~ 


B 
ACC 
FIFO 
FIFO 
FIFO 
TBS 
TBL 
TCB 
SIUST 
NSNR 
PSW 
DMA CNT 
STAD 
RFL 
RBS 
RBL 
RCB 
SMD 
STS 
IP 


P3 
IE 
P2 
P1 
TH1 
THO 
TL1 
TLO 
TMOD 
TCON 
DPH 
DPL 
SP 
PO 


247 
th,ough 
240 
231 
, 
224 


223 
t '0 
216 
215 
throuah 
201 


207 
throuah 
200 
191 


t~ 
183 
t , 
176 


175 
'hro 
161 
167 
throuah 
160 


151 
throuah 
144 


143 
, 
136 


135 
t '0 
121 


240 
(FOH) 
224 
(EOH) 
223 
(DFH) 
222 
IDEH) 
221 
(DOH) 


220 
(DCH) 


219 
(DBH) 


211 
IDAH) 
217 
(05H) 
216 
(OIH) 


208 
(DOH) 


207 
(CFH) 
206 
(CEHI 
205 
(CDH) 
204 
(CCH) 
203 
(CBH) 


202 
(CAH) 


201 
(CSH) 
200 
(C8H) 


184 
(BIHI 
176 
(BOH) 


168 
IAIH) 


160 
IAOH) 


144 
(5OHI 


141 
(IDHI 


140 
(ICH) 
139 
(IBH) 


138 
(IAH) 
137 
119H) 
136 
I88H) 


131 
(83H) 
130 
(12H) 


129 
(81H) 


121 
(60HI 


NOTE: 
"ICE Support Hardware registerso Under normal operating conditions there is no need for the CPU to access these 
registers. 


NO FRAME CHECK SEQUENCE 
NON·BUFFERED 
PRE·FRAME ~YNC 
LOOP 
NON RETURN TO ZERO INVERTED 
SELECT CLOCK MODE 


RECEIVE BUFFER PROTECT 
AUTO MODE/ADDRESSED 
MODE 


OPTIONAL POLL BIT 
RECEIVE INFORMATION 
BUFFER OVERRUN 


SERIAL INTERFACE UNIT INTERRUPT 
REQUEST TO SEND 
RECEIVE BUFFER EMPTY 
TRANSMIT BUFFER FULL 


SEQUENCE ERROR RECEIVED 
RECEIVE SEQUENCE COUNTER 
SEQUENCE ERROR SEND 
SEND SEQUENCE COUNTER 


inter 


With the addition 
of only a few bytes 
of code, 
the 
8044's 
frame 
size is not 
limited 
to the 
size of its 
internal 
RAM (192 bytes), 
but rather 
by the size of 
external 
buffer 
with 
no degradation 
of the 
RUPI's 
features 
(e.g. NRZI, zero bit insertion/deletion, 
ad- 
dress 
recognition, 
cyclic 
redundancy 
check). 
There 
is a special 
function 
register 
called 
SIUST 
whose 
contents 
dictates 
the operation 
of the SIU. At low 
data rates, one section 
of the SIU (the Byte Proces- 
sor) 
performs 
no function 
during 
known 
intervals. 
For 
a 
given 
data 
rate, 
these 
intervals 
(stand-by 
mode) 
are fixed. The above 
characteristics 
make it 
possible 
to program 
the CPU to move data to/from 
external 
RAM and to force the SIU to perform 
some 
desired 
hardware 
tasks while transmission 
or recep- 
tion is taking 
place. With these 
modifications, 
exter- 
nal RAM can be utilized as a transmit 
and received 
buffer 
instead 
of the internal 
RAM. 


In the AUTO mode the SIU implements 
in hardware 
a subset of the SOLC protocol 
such that it responds 
to many SOLC frames 
without 
CPU intervention. 
All 
AUTO 
mode 
responses 
to the 
primary 
station 
will 
comform 
to IBM's SOLC definition. 
The advantages 
of the AUTO mode are that less software 
is required 
to implement 
a secondary 
station, 
and the hardware 
generated 
response 
to polls is much faster than do- 
ing it in software. 
However, 
the Auto mode can not 
be used at a primary station. 


To transmit 
in the AUTO 
mode the CPU must load 
the 
Transmit 
Information 
Buffer, 
Transmit 
Buffer 
Start 
register, 
Transmit 
Buffer 
Length 
register, 
and 
set the Transmit 
Buffer Full bit. The SIU automatical- 
ly responds 
to a poll by transmitting 
an information 
frame with the P/F 
bit in the control 
field set. When 
the SIU receives 
a positive 
acknowledgement 
from 
the primary 
station, 
it automatically 
increments 
the 
Ns field 
in the 
NSNR 
register 
and 
interrupts 
the 
CPU. A negative 
acknowledgement 
would cause the 
SIU to retransmit 
the frame. 


To receive 
in the AUTO 
mode, 
the CPU loads the 
Receive 
Buffer 
Start 
register, 
the 
Receive 
Buffer 
Length 
register, 
clears 
the 
Receive 
Buffer 
Protect 
bit, and sets the Receive 
Buffer Empty bit. If the SIU 
is polled 
in this state, and the TBF bit indicates 
that 
the Transmit 
Buffer 
is empty, 
an automatic 
RR re- 
sponse 
will be generated. 
When a valid information 
frame 
is received 
the 
SIU will automatically 
incre- 
ment Nr in the NSNR register and interrupt 
the CPU. 


While in the AUTO mode the SIU can recognize 
and 
respond 
to the following 
commands 
without 
CPU in- 
tervention: 
I (Information), 
RR 
(Receive 
Ready), 
RNR 
(Receive 
Not 
Ready), 
REJ (Reject), 
and 
UP 
(Unnumbered 
Poll). The SIU can generate 
the fol- 


lowing 
responses 
without 
CPU intervention: 
I (Infor- 
mation), 
RR (Receive 
Ready), 
and 
RNR 
(Receive 
Not Ready). 


When the Receive 
Buffer Empty bit (RBE) indicates 
that the Receive 
Buffer is empty, the receiver 
is en- 
abled, 
and when the RBE bit indicates 
that the Re- 
ceive Buffer 
is full, the receiver 
is disabled. 
Assum- 
ing that 
the 
Receiver 
Buffer 
is empty, 
the SIU will 
respond 
to a poll with an I frame if the Transmit 
Buff- 
er is full. If the Transmit 
Buffer is empty, the SIU will 
respond 
to a poll with a RR command 
if the Receive 
Buffer Protect 
bit (RBP) is cleared, 
or an RNR com- 
mand if RBP is set. 


In the FLEXIBLE 
mode all communications 
are un- 
der control 
of the CPU. It is the CPU's 
task to en- 


code 
and decode 
control 
fields, 
manage 
acknowl- 
edgements, 
and adhere 
to the requirements 
of the 
HOLC/SOLC 
protocols. 
The 8044 can be used as a 
primary or a secondary 
station 
in this mode. 


To receive 
a frame in the FLEXIBLE 
mode, the CPU 
must load the Receive 
Buffer Start register, 
the Re- 
ceive Buffer Length register, 
clear the Receive 
Buff- 
er Protect 
bit, and set the Receive 
Buffer Empty bit. 


If a valid opening 
flag is received 
and the address 
field matches 
the byte in the Station 
Address 
regis- 
ter 
or the 
address 
field 
contains 
a broadcast 
ad- 
dress, the 8044 loads the control 
field in the receive 
control 
byte register, 
and loads the I field in the re- 
ceive buffer. 
If there is no CRC error, the SIU inter- 
rupts the CPU, indicating 
a frame 
has just been re- 
ceived. 
If there 
is a CRC error, no interrupt 
occurs. 
The Receive 
Field Length register provides 
the num- 
ber of bytes 
that 
were 
received 
in the 
information 
field. 


To transmit 
a frame, the CPU must load the transmit 
information 
buffer, the Transmit 
Buffer Start register, 
the 
Transmit 
Buffer 
Length 
register, 
the 
Transmit 
Control 
Byte, and set the TBF and the RTS bit. The 
SIU, unsolicited 
by an HOLC/SOLC 
frame, will trans- 
mit the 
entire 
information 
frame, 
and 
interrupt 
the 
CPU, indicating 
the completion 
of transmission. 
For 
supervisory 
frames 
or 
unnumbered 
frames, 
the 
transmit 
buffer length would 
be O. 


The FCS register 
is initially set to all 1's prior to cal- 
culating 
the FCS field. The SIU will not interrupt 
the 
CPU if a CRC error occurs 
(in both AUTO and FLEX- 
IBLE modes). The CRC error is cleared 
upon receiv- 
ing of an opening 
flag. 


inter 


Frame Format Options 


In addition 
to the standard 
SDLC frame 
format, 
the 


8044 will support 
the frames 
displayed 
in Figure 
7. 
The standard 
SDLC frame is shown at the top of this 


figure. For the remaining 
frames the information 
field 


will incorporate 
the control 
or address 
bytes and the 


frame 
check 
sequences; 
therefore 
these 
fields 
will 


be stored 
in the Transmit 
and Receive 
buffers. 
For 


example, 
in the non-buffered 
mode the third byte is 


treated 
as the beginning 
of the information 
field. 
In 


the non-addressed 
mode, 
the information 
field 
be- 


gins after the opening 
flag. The mode bits to set the 


frame 
format 
options 
are found 
in the Serial 
Mode 


register 
and the Status 
register. 


FRAME OPTION 
NFCS 
NB 
AM1 
FRAME 
FORMAT 


Standard 
SDLC 
0 
0 
0 
~ 
I 
I~ 
NON-AUTO 
Mode 


Standard 
SDLC 
0 
0 
1 
~ 
I 
I~ 
AUTO Mode 


Non-Buffered 
Mode 
0 
1 
1 C£::EJ 
I 
~ 
NON-AUTO 
Mode 


Non-Addressed 
Mode 
0 
1 
0 [£] 
I 
~ 
NON-AUTO 
Mode 


No FCS Field 
1 
0 
0 
~ 
I 
1=:0 
NON-AUTO 
Mode 


No FCS Field 
1 
0 
1 
~ 
I 
1=:0 
AUTO Mode 


No FCS Field 
1 
1 
1 C£::EJ 
I 
CO 
Non-Buffered 
Mode 
NON-AUTO 
Mode 


No FCS Field 
1 
1 
0 [£] 
I 
c:o=J 
Non-Addressed 
Mode 
NON-AUTO 
Mode 


Mode Bits: 
AM 
- 
"AUTO" Model Addressed Mode 


NB 
- 
Non-Buffered Mode 
NFCS - 
No FCS Field Mode 


Key to Abbreviations: 
F = Flag (01111110) 
I = Information Field 


A = Address Field 
FCS= Frame Check Sequence 


C = Control Field 


Note 1: 
The AM bit function is controlled by the NB bit. When NB = 0, AM becomes AUTO mode select, when NB = 1, AM 
becomes Address mode select. 


To realize an extended 
control 
field or an extended 


address 
field 
using the 
HDLC 
protocol, 
the 
FLEX- 
IBLE mode 
must be used. For an extended 
control 


field, the SIU is programmed 
to be in the non-buff- 
ered 
mode. 
The 
extended 
control 
field 
will be the 


first and second 
bytes in the Receive 
and Transmit 


Buffers. 
For extended 
addressing 
the SIU is placed 


in the non-addressed 
mode. 
In this mode the CPU 


must implement 
the address recognition 
for received 


frames. 
The addressing 
field will be the initial bytes 


in the Transmit 
and Receive 
buffers followed 
by the 


control 
field. 


The SIU can transmit 
and receive only frames which 


are multiples 
of 8 bits. For frames 
received 
with oth- 


er than 
8-bit 
multiples, 
a CRC error" will cause 
the 


SIU to reject the frame. 


SOLe Loop Networks 


The SIU can be used in an SDLC loop as a second- 
ary or primary station. When the SIU is placed in the 
Loop mode it receives 
the data on pin 10 and trans- 


mits the data one bit time delayed 
on pin 11. It can 


also 
recognize 
the Go ahead 
signal 
and change 
it 


into a flag when it is ready to transmit. 
As a second- 


ary station 
the 
SIU can 
be used 
in the 
AUTO 
or 


FLEXIBLE 
modes. 
As a primary 
station 
the 
FLEX- 


IBLE mode is used; however, 
additional 
hardware 
is 


required 
for generating 
the Go Ahead 
bit pattern. 
In 


the 
Loop 
mode 
the maximum 
data rate is 1 Mbps 


clocked 
or 375 Kpbs self-clocked. 


The SIU can be used in a SDLC non-loop 
configura- 


tion as a secondary 
or primary station. When the SIU 


is placed in the non-loop 
mode, data is received 
and 


transmitted 
on pin 11, and pin 10 drives 
a tri-state 


buffer. 
In non-loop 
mode, 
modem 
interface 
pins, 
RTS and CTS, become 
available. 


The 8044's 
serial port can operate 
in an externally 


clocked 
or self clocked 
system. 
A clocked 
system 


provides 
to the 8044 a clock 
synchronization 
to the 


data. A self-clocked 
system uses the 8044's 
on-chip 


Digital 
Phase 
Locked 
Loop 
(DPLL) 
to recover 
the 


clock from the data, and clock this data into the Seri- 
al Receive 
Shift Register. 


In this mode, 
a clock 
synchronized 
with the data is 


externally 
fed into the 8044. This clock may be gen- 
erated from an External 
Phase Locked 
Loop, or pos- 
sibly 
supplied 
along 
with 
the 
data. 
The 
8044 
can 


15-12 


This self clocked 
mode allows data transfer 
without 


a common 
system 
data 
clock. 
An 
on-chip 
Digital 


Phase Locked 
Loop is employed 
to recover 
the data 


clock 
which 
is encoded 
in the 
data 
stream. 
The 


DPLL will converge 
to the nominal 
bit center 
within 


eight bit transitions, 
worst case. The DPLL requires a 


reference 
clock 
of either 
16 times (16x) or 32 times 


(32x) the data rate. This reference 
clock 
may be ex- 


ternally 
applied 
or internally 
generated. 
When 
inter- 


nally generated 
either the 8044's 
internal 
logic clock 


(crystal 
frequency 
divided 
by two) 
or the 
timer 
1 


overflow 
is used as the reference 
clock. 
Using the 


internal 
timer 
1 clock 
the data rates can vary from 


244 to 62.5 Kbps. Using the internal 
logic clock at a 


16x sampling 
rate, receive 
data can either be 187.5 


Kbps, or 375 Kbps. When the reference 
clock for the 


DPLL is externally 
applied 
the data 
rates can vary 


from 0 to 375 Kbps at a 16x sampling 
rate. 


To aid in a Phase Locked 
Loop capture, 
the SIU has 


a NRZI (Non Return to Zero Inverted) 
data encoding 


and decoding 
option. Additionally 
the SIU has a pre- 


frame 
sync option 
that transmits 
two bytes of alter- 


nating 
1's and O's to ensure that the receive 
station 


DPLL will be synchronized 
with the data by the time 


it receives 
the opening 
flag. 


There are three SIU Control 
and Status 
Registers: 


Serial Mode Register 
(SMD) 


Status/Command 
Register 
(STS) 


Send/Receive 
Count Register 
(NSNR) 


The SMD, STS, and NSNR, registers 
are all cleared 


by system reset. This assures that the SIU will power 
up in an idle state 
(neither 
receiving 
nor transmit- 


ting). 


These 
registers 
and 
their 
bit assignments 
are de- 


scribed 
below. 


The Serial Mode Register 
(Address 
C9H) selects the 


operational 
modes 
of the SIU. The 8044 
CPU can 


both 
read and write 
SMD. The SIU can read SMD 


but cannot 
write 
to it. To prevent 
conflict 
between 


CPU and SIU access 
to SMD, the CPU should write 


SMD 
only 
when 
the 
Request 
To Send 
(RTS) 
and 


inter 


Receive 
Buffer 
Empty 
(RBE) bits (in the STS regis- 


ter) are both false 
(0). Normally, 
SMD is accessed 


only during initialization. 


The individual 
bits of the Serial Mode Register 
are as 


follows: 


Blt# 
Name 
Description 


SMD.O 
NFCS 
No FCS field in the SDLC frame. 


SMD.1 
NB 
Non-Buffered 
mode. No control 


field in the SOLC frame. 


SMD.2 
PFS 
Pre-Frame 
Sync mode. In this 


mode, the 8044 transmits 
two 


by1es before the first flag of a 
frame, for DPLL synchronization. 
If NRZI is enabled, 
OOHis sent; 
otherwise, 
55H is sent. In either 


case, 16 preframe 
transitions 
are 


guaranteed. 


SMD.3 
LOOP 
Loop configuration. 


SMD.4 
NRZI 
NRZI coding option. If bit = 1, 
NRZI coding is used. If bit = 0, 
then it is straight binary (NRZ). 


SMD.5 
SCMO 
Select Clock Mode-Bit 
0 


SMD.6 
SCM1 
Select Clock Mode-Bit 
1 


SMD.7 
SCM2 
Select Clock Mode-Bit 
2 


SCM 
Data Rate 


2 
1 0 
Clock Mode 
(Bits/see)' 


0 
0 
0 
Externally 
clocked 
0-2.4M" 


0 
0 
1 
Reserved 


0 
1 
0 
Self clocked, 
timer overflow 
244-62.5K 


0 
1 
1 
Reserved 


1 
0 
0 
Self clocked, 
external 
16x 
0-375K 


1 
0 
1 
Self clocked, 
external 
32x 
0-187.5K 


1 
1 
0 
Self clocked, 
internal fixed 
375K 


1 
1 
1 
Self clocked, 
internal fixed 
187.5K 


NOTES: 
'Based on a 12 Mhz crystal frequency 


• '0-1 M bps in loop configuration 


STS: Status/Command 
Register 
(bit- 


addressable) 
Bit: 
7 
6 


TBF 
RBE 


The Status/Command 
Register 
(Address 
C8H) pro- 


vides 
operational 
control 
of the 
SIU 
by the 
8044 


CPU, and enables 
the SIU to post status information 


for the CPU's 
access. 
The SIU can read STS, and 


can alter certain 
bits, as indicated 
below. 
The CPU 


can both read and write STS asynchronously. 
How- 


ever, 
2-cycle 
instructions 
that 
access 
STS 
during 


both cycles 
('JBC/B, 
REL' and 'MOV /B, C.') should 


not be used, 
since 
the 
SIU may write 
to STS be- 


tween the two CPU accesses. 


The individual 
bits of the Status/Command 
Register 


are as follows: 


Bit# 
Name 
Description 


STS.O 
RBP 
Receive 
Buffer Protect. 
Inhibits 
writing of data into the receive 
buffer. In AUTO mode, RBP 
forces an RNR response 
instead 


of an RR. 


STS.1 
AM 
AUTO Mode/Addressed 
Mode. 


Selects 
AUTO mode where 


AUTO mode is allowed. 
If NB is 


true, (= 1), the AM bit selects the 
addressed 
mode. AM may be 


cleared 
by the SIU. 


STS.2 
OPB 
Optional 
Poll Bit. Determines 


whether 
the SIU will generate 
an 


AUTO response 
to an optional 


poll (UP with P = 0). OPM may 
be set or cleared 
by the SIU. 


STS.3 
BOV 
Receive 
Buffer Overrun. 
BOV 


may be set or cleared 
by the SIU. 


STS.4 
SI 
SIU Interrupt. This is one of the 
five interrupt 
sources to the CPU. 


The vector 
location 
= 23H. SI 


may be set by the SIU. It should 
be cleared 
by the CPU before 


returning from an interrupt 
routine. 


STS.5 
RTS 
Request 
To Send. Indicates 
that 


the 8044 is ready to transmit 
or is 


transmitting. 
RTS may be read or 


written by the CPU. RTS may be 
read by the SIU, and in AUTO 
mode may be written by the SIU. 


STS.6 
RBE 
Receive 
Buffer Empty. RBE can 


be thought 
of as Receive 
Enable . 


RBE is set to one by the CPU 
when it is ready to receive a 
frame, or has just read the buffer, 
and to zero by the SIU when a 
frame has been received. 


STS.7 
TBF 
Transmit 
Buffer Full. Written 
by 


the cyu to indicate 
that it has 


filled the transmit 
buffer. TBF may 


be cleared 
by the SIU. 


inter 


NSNR: Send/Receive 
Count 
Register 
(bit- 
addressable) 
Bit: 
7 
6 


NS2 NS1 


The Send/Receive Count Register (Address D8H) 
contains the transmit and receive sequence num- 
bers, plus tally error indications. The SIU can both 
read and write NSNR. The 8044 CPU can both read 
and write NSNR asynchronously. However, 2-cycle 
instructions that access NSNR during both cycles 
('JBC /B, REl: 
and 'MOV /B,C') should not be 


used, since the SIU may write to NSMR between the 
two 8044 CPU accesses. 


The individual bits of the Send/Receive Count Reg- 
ister are as follows: 


Bit# 
Name 
Description 


NSNR.O SER 
Receive Sequence Error: 
NS (P) =I=- NR (S) 


NSNR.1 NRO 
Receive Sequence Counter-Bit 
0 


NSNR.2 NR1 
Receive Sequence Counter-Bit 
1 


NSNR.3 NR2 
Receive Sequence Counter-Bit 
2 


NSNRA SES 
Send Sequence Error: 
NR (P) =F NS (S) and 
NR (P) =F NS (S) + 1 


NSNR.5 NSO 
Send Sequence Counter-Bit 
0 


NSNR.6 NS1 
Send Sequence Counter-Bit 
1 


NSNR.7 NS2 
Send Sequence Counter-Bit 
2 


There are eight parameter registers that are used in 
connection with SIU operation. All eight registers 
may be read or written by the 8044 CPU. RFl and 
RCB are normally loaded by the SIU. 


ST AD: Station 
Address 
Register 


(byte-addressable) 


The Station Address register (Address CEH) con- 
tains the station address. To prevent acess conflict, 
the CPU should access STAD only when the SIU is 
idle (RTS = 0 and RBE = 0). Normally, STAD is 
accessed only during initialization. 


TBS: Transmit 
Buffer 
Start Address 
Register 


(byte-addressable) 


The Transmit Buffer Start address register (Address 
DCH) points to the location in on-chip RAM for the 
beginning of the I-field of the frame to be transmit· 
ted. The CPU should access TBS only when the SIU 
is not transmitting a frame (when TBF = 0). 


TBl: 
Transmit 
Buffer 
length 
Register 


(byte = addressable) 


The Transmit Buffer length register (Address DBH) 
contains the length (in bytes) of the I·field to be 
transmitted. A blank I-field (TBl 
= 0) is valid. The 


CPU should access TBl only when the SIU is not 
transmitting a frame (when TBF = 0). 


NOTE: 


The transmit and receive buffers are not allowed to 
"wrap around" in the on-chip RAM. A "buffer end" 
is automatically generated if address 191 (BFH) is 
reached. 


TCB: Transmit 
Control 
Byte Register 


(byte-addressable) 


The Transmit Control Byte register (Address DAH) 
contains the byte which is to be placed in the control 
field of the transmitted frame, during NON-AUTO 
mode transmission. The CPU should access TCB 
only when the SIU is not transmitting a frame (when 
TBF = 0). The Nsand NR counters are not used in 
the NON·AUTO mode. 


RBS: Receive 
Buffer 
Start Address 
Register 


(byte-addressable) 


The Receive Buffer Start address register (Address 
CCH) points to the location in on-chip RAM where 
the beginning of the I-field of the frame being re- 
ceived is to be stored. The CPU should write RBS 
only when the SIU is not receiving a frame (when 
RBE = 0). 


RBl: 
Receive 
Buffer 
length 
Register 


(byte-addressable) 


The Receive Buffer length register (Address CBH) 
contains the length (in bytes) of the area in on-chip 
RAM allocated for the received I-field. RBl = 0 is 
valid. The CPU should write RBl only when RBE=O. 


inter 


RFL: Receive 
Field Length 
Register 
(byte-addressable) 


The 
Receive 
Field 
Length 
register 
(Address 
CDH) 
contains 
the length 
(in bytes) 
of the received 
I-field 
that has just been loaded 
into on-chip 
RAM. RFL is 
loaded 
by the SIU. RFL = 0 is valid. RFL should be 
accessed 
by the CPU only when RBE = O. 


RCB: Receive 
Control 
Byte Register 
(byte-addressable) 


The Received 
Control 
Byte register 
(Address 
CAH) 
contains 
the control 
field of the frame 
that has just 
been received. 
RCS is loaded 
by the SIU. The CPU 
can 
only 
read 
RCS, and should 
only access 
RCS 
when RBE = O. 


The 
8044 
In-Circuit 
Emulator 
(ICE-44) 
allows 
the 
user to exercise 
the 
8044 
application 
system 
and 
monitor 
the execution 
of instructions 
in real time. 


. The emulator 
operates 
with Intel's 
Inteliec™ 
devel- 


opment 
system. The development 
system interfaces 


with 
the 
user's 
8044 
system 
through 
an 
in-cable 


buffer box. The cable terminates 
in a 8044 pin-com- 


patible 
plug, which 
fits into the 8044 
socket 
in the 


user's 
system. 
With the emulator 
plug in place, 
the 


user can excercise 
his system 
in real time while col- 


lecting up to 255 instruction 
cycles of real-time 
data. 


In addition, 
he can single-step 
the program. 


Static RAM is available 
(in the in-cable 
buffer box) to 


emulate 
the 
8044 
internal 
and 
external 
program 


memory 
and 
external 
data 
memory. 
The 
designer 


can display 
and 
alter the contents 
of the 
replace- 


ment 
memory 
in the 
buffer 
box, 
the 
internal 
data 


memory, 
and the 
internal 
8044 
registers, 
including 


the SFR's. 


SIUST: SIU State Counter 
(byte-addressable) 


The SIU State 
Counter 
(Address 
D9H) reflects 
the 


state of the internal 
logic which is under SIU control. 


Therefore, 
care must be taken 
not to write into this 


register. 
This register 
provides 
a useful 
means 
for 


debugging 
8044 receiver 
problem. 


inter 


ABSOLUTE 
MAXIMUM 
RATINGS* 
Ambient 
Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to -150·C 


Voltage on EA, VPP Pin to VSS 
-0.5V 
to -21.5V 


Voltage on Any Other Pin to VSS 
-0.5V 
to -7V 


Power Dissipation 
2W 


-Notice: Stresses above those listed under '~bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
(Except EA Pin of 8744H) 
-0.5 
0.8 
V 


VIL1 
Input Low Voltage to EA Pin of 8744H 
0 
0.8 
V 


VIH 
Input High Voltage 
(Except XTAL2, RST) 
2.0 
VCC + 0.5 
V 


VIH1 
Input High Voltage to XTAL2, RST 
2.5 
VCC + 0.5 
V 
XTAL1 
= VSS 


VOL 
Output Low Voltage 
(Ports 1, 2, 3)- 
0.45 
V 
IOL = 1.6mA 


VOL1 
Output Low Voltage 
(Port O,ALE,PSEN)- 


8744H 
0.60 
V 
IOL = 3.2mA 


0.45 
V 
IOL = 2.4 mA 


8044AH/8344AH 
0.45 
V 
IOL = 3.2mA 


VOH 
Output High Voltage 
(Ports 1, 2, 3) 
2.4 
V 
IOH = -80 
IJ-A 


VOH1 
Output High Voltage 
(Port 0 in External 
2.4 
V 
IOH = -400 
IJ-A 
Bus Mode, ALE, PSEN) 


ilL 
Logical 0 Input Current (Ports 1, 2, 3) 
-500 
IJ-A 
Vin = 0.45V 


ilL 1 
Logical 0 Input Current to EA Pin 
-15 
mA 
of 8744H only 


IIL2 
Logical 0 Input Current (XTAL2) 
-3.6 
mA 
Vin = 0.45V 


III 
Input Leakage Current (Port 0) 
8744H 
±100 
IJ-A 
0.45 < Vin < VCC 
8044AH/8344AH 
;±:10 
IJ-A 
0.45 < Vin < VCC 


IIH 
Logical 
1 Input Current to EA Pin of 8744H 
500 
IJ-A 


IIH1 
Input Current to RST to Activate 
Reset 
500 
IJ-A 
Vin < (VCC - 
1.5V) 


ICC 
Power Supply Current: 
All Outputs 
Discon- 
8744H 
285 
mA 
nected: 
EA = VCC 
8044AH/8344AH 
170 
mA 


CIO 
Pin Capacitance 
10 
pF 
Test Freq. = 1MHz(l) 


'NOTES: 
1. Sampled 
not 100% 
tested. 
TA = 25·C. 
2. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VOLs of ALE and Ports 
1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pin when these 
pins make 
1-to- 


o transitions 
during 
bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100 pF), the noise 
pulse 
on the ALE line may 
exceed o.av. In such cases 
it may be desirable 
to qualify ALE with a Schmitt 
Trigger, 
or use an address 
latch with a Schmitt 
Trigger 
STROBE 
input. 


A.C. CHARACTERISTICS 
TA = O·C to + 70·C, VCC = 5V ± 10%, VSS = OV, Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF, 
Load Capacitance 
for All Other Outputs 
= 80 pF 


12 MHzOsc 
Variable 
Clock 


Symbol 
Parameter 
1/TCLCL 
= 3.5 MHz to 12 MHz 
Unit 


Min 
Max 
Min 
Max 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX1 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr in 
ns 
8744H 
183 
4TCLCL-150 
8044AH/8344AH 
233 
4TCLCL-100 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
8744H 
190 
3TCLCL-60 
ns 
8044AH/8344AH 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instr in 


8744H 
100 
3TCLCL-150 
ns 
8044AH/8344AH 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ2 
Input Instr Float After PSEN 
63 
TCLCL-20 
ns 


TPXAV2 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instr in 
8744H 
267 
5TCLCL-150 
ns 
8044AH/8344AH 
302 
5TCLCL-115 
ns 


TAZPL 
Address 
Float to PSEN 
-25 
-25 
ns 


NOTES: 
1. TLLAX for access to program memory is different from TLLAX for data memory. 
2. Interfacing RUPI-44 devices with float times up to 75ns is permissible. This limited bus contention will not cause any 
damage to Port 0 drivers. 


inter 


12 MHzOsc 
Variable 
Clock 


Symbol 
Parameter 
1/TCLCL 
= 3.5 MHz to 12 MHz 
Unit 


Min 
Max 
Min 
Max 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TLLAX 
Address 
Hold after ALE 
48 
TCLCL-35 
ns 


TRLDV 
RD Low to Valid Data in 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TLCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
203 
4TCLCL-130 
ns 


TOVWX 
Data Valid to WR Transition 
8744H 
13 
TCLCL-70 
ns 
8044AH/8344AH 
23 
TCLCL-60 
ns 


TOVWH 
Data Setup Before WR High 
433 
7TCLCL-150 
ns 


TWHOX 
Data Held After WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
25 
25 
ns 


TWHLH 
RD or WR High to ALE High 
8744H 
33 
133 
TCLCL-50 
TCLCL+50 
ns 
8044AH/8344AH 
43 
123 
TCLCL-40 
TCLCL+50 
ns 


NOTE: 
1. TLLAX 
for access 
to program 
memory 
is different 
from TLLAX 
for access 
data memory. 


Symbol 
Parameter 
Min 
Max 
Unit 


TDCY 
Data Clock 
420 
ns 


TDCL 
Data Clock Low 
180 
ns 


TDCH 
Data Clock High 
100 
ns 


tTD 
Transmit 
Data Delay 
140 
ns 


tOSS 
Data Setup Time 
40 
ns 


tDHS 
Data Hold Time 
40 
ns 


inter 


PSEN 


AD 


TLLAX 


A7-AO 


inter 


2.-==>(20 
2.o)C 
TEST POINTS 


O._S 
_0_.1 
0.1_ 
j 


FLOAT t 
2._ ..---2.0_2.0 
2._ 


~ 
U 
tl 
~ 


231663-14 


231663-13 
AC testing 
inputs 
are driven 
at 2.4V for a Logic 
"1" 
and 0.45V for 


a Logic 
"0" 
Timing 
measurements 
are made 
at 2.0V for a Logic 


"1" 
and O.BV for a Logic 
"0". 


Variable 
Clock 


Symbol 
Parameter 
Freq 
= 3.5 MHz to 12 MHz 
Unit 


Min 
Max 


TCLCL 
Oscillator 
Period 
83.3 
285.7 
ns 


TCHCX 
High Time 
20 
TCLCL-TCLCX 
ns 


TCLCX 
Low Time 
20 
TCLCL-TCHCX 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


inter 


I 


STATE 4 I 
STATE 5 


P1 I P2 
P1 I P2 


STATE 6 


P1 I P2 


STATE 1 


P1 I P2 


STATE 4 


P1 I P2 


STATE 5 


P1 I P2 


2 


1 
I 
II 
--- 


THESE SIGNALS ARE NOT 
ACTIVATED DURING THE 
EXECUTION OF A MOVX INSTRUCTION 
____ I 
I" 
I 
L 


P2(EXTI 


READ CYCLE 


RD 


OOHIS EMITTED 
PCL OUT (IF PROGRAM 
DURING THIS PERIOD 
MEMORY IS EXTERNAL) 


DP~~~ 
Ri ~¢ 
FLOATS=b 
.nL- 


INDICATES DPH OR P2 SFR TO PCH TRANSITIONS 
P2 
WRITE CYCLE 


____________ 
1 PCL OUT(EVEN IF PROGRAM 


MEMORY IS INTERNAL) 


!. 
DATA OUT----- 
.••.••B~,:tCL 
OUT ;I~OGRAM 


----~---IN-D-IC-A-T-ES-D-PH-O-R-P-2-S-F-R-T-O-P-C-H-T-R-A-N-S-IT-.-O-N-S----, 
MEMORY IS EXTERNAL) 
P2 


PORT OPERATION 


MOV PORT, SRC 
OLD DATA INEW OATA 


______________________ 
--LPO 
PINS SAMPLED 
MOV DEST. PO 
~ 
f--4{ 


MOV DEST. PORT (P1. P2. P3) 
POPINS SAMPLED 


(INCLUDES INTO. INn. 
TO.n) 
~_------------------- 
•.•••..• 
~ 


P1. P2. P3 PINS SAMPLED 
P1. P2. P3 
SERIAL PORT SHIFT CLOCK 
PINS SAMPLED 


TXD 
----b;l 
--------.------q:! 


(MODE 01 
RXD SAMPLED 
RXD SAMPLED 


231663-16 


This diagram 
indicates 
when signals are clocked 
internally. 
The time it takes the signals 
to propagate 
to the 
pins, however, 
ranges from 25 to 125 ns. This propagation 
delay is dependent 
on variables 
such as tempera- 
ture and pin loading. 
Propagation 
also varies from output 
to output 
and component 
to component. 
Typically 
though, 
(TA = 25°C, fully loaded) 
RD and WR propagation 
delays are approximately 
50 ns. The other signals 
are typically 
85 ns. Propagation 
delays are incorporated 
in the AC specifications. 


inter 


Erasure 
of the 8744H 
Program 
Memory 
begins 
to 
occur 
when the chip is exposed 
to light with wave- 
lengths 
shorter 
than 
approximately 
4,000 
Ang- 
stroms. 
Since sunlight 
and fluorescent 
lighting 
have 
wavelengths 
in this 
range, 
constant 
exposure 
to 
these 
light sources 
over an extended 
period of time 
(about 
1 week 
in sunlight, 
or 3 years 
in room-level 
fluorescent 
lighting) 
could 
cause 
unintentional 
era- 


sure. 
If an application 
subjects 
the 
8744H 
to this 
type of exposure, 
it is suggested 
that an opaque 
la- 
bel be placed 
over the window. 


The 
recommended 
erasure 
procedure 
is exposure 
to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 
ed dose of at least 15 W-sec/cm2 
rating for 20 to 30 
minutes, 
at a distance 
of about 
1 inch, 
should 
be 
sufficient. 


To be programmed, 
the 8744H must be running with 
a 4 to 6 MHz oscillator. 
(The reason 
the oscillator 
needs to be running 
is that the internal 
bus is being 
used to transfer 
address and program 
data to appro- 
priate registers.) 
The address 
of an EPROM location 
to be programmed 
is applied to Port 1 and pins P2.0- 
P2.3 of Port 2, while the data byte is applied to Port 
O. Pins P2.4-P2.6 and PSEN should be held low, and 
P2.7 and RST high. (These are all TTL levels except 
RST, which 
requires 
2.5V for high.) EAIVPP 
is held 
normally 
high, and 
is pulsed 
to + 21 V. While 
EAI 
VPP is at 21V, the ALE/PROG 
pin, which is normally 
being 
held 
high, 
is pulsed 
low for 50 msec. 
Then 
EAIVPP 
is returned 
to high. This is illustrated 
in Fig- 


ure 8. Detailed 
timing 
specifications 
are provided 
in 
the EPROM 
Programming 
and Verification 
Charac- 
teristics 
section 
of this data sheet. 


The program 
memory 
security 
feature 
is developed 
around 
a "security 
bit" in the 8744H 
EPROM 
array. 


Once this "hidden 
bit" is programmed, 
electrical 
ac- 
cess to the contents 
of the entire program 
memory 
array becomes 
impossible. 
Activation 
of this feature 
is accomplished 
by programming 
the 8744H 
as de- 
scribed 
in "Programming 
the EPROM" 
with the ex- 
ception 
that P2.6 is held at a TTL high rather than a 
TTL low. In addition, 
Port 1 and P2.0-P2.3 
may be in 
any state. 
Figure 
9 illustrates 
the 
security 
bit pro- 
gramming 
configuration. 
Deactivating 
the 
security 
feature, 
which 
again 
allows 
programmability 
of the 
EPROM, 
is accomplished 
by exposing 
the EPROM 
to ultraviolet 
light. 
This 
exposure, 
as described 
in 
"Erasure 
Characteristics," 
erases the entire EPROM 
array. 
Therefore, 
attempted 
retrieval 
of "protected 
code" 
results in its destruction. 


Program Memory 
may be read only when the "secu- 
rity feature" 
has not been activated. 
Refer to Figure 
10 for Program 
Verification 
setup. To read the Pro- 
gram Memory, 
the following 
procedure 
can be used. 


The unit must be running 
with a 4 to 6 MHz oscilla- 


tor. The address 
of a Program 
Memory 
location 
to 
be read is applied 
to Port 1~ins 
P2.0-P2.3 
of 
Port 2. Pins P2.4-P2.6 
and 
PSEN are held at TTL 
low, while the ALE/PROG, 
RST, and EAIVPP 
pins 
are held at TTL high. (These 
are all TTL levels 
ex- 
cept RST, which 
requires 
2.5V for high.) Port 0 will 
be the data output lines. P2.7 can be used as a read 
strobe. While P2.7 is held high, the Port 0 pins float. 
When 
P2.7 is strobed 
low, the contents 
of the ad- 
dressed 
location 
will appear 
at Port O. External 
pull- 


ups (e.g., 10K) are required on Port 0 during program 
verification. 


+SV 


Vcc 
P1 
1744H 


P2.0- 
PO 
PGM DATA 


P2.3 


P2.4 


P2.S 
ALE 
___ 
ALEPROG 


P2.6 


P2.7 


XTAL2 
fi 
---niVPp 


XTAL1 
RST 
VIH1 


VSS 
PSEN 
- 
- 
231663-17 


ADDR. 
OOOOH- 
OFFFH 


NC 
P1 
1744H 


HC 
P2.0- 
P2.3 


P2.4 


P2.S 


P2.6 


TTL HIGH 
P2.7 


XTAL2 


XTAL1 


VSS 
- 


RST 
VIH1 


PSEN 
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ADDR. 
OOOOH- 
OFFFH 


P2.4 


P2.S 


P2.6 


P2.7 


XTAL2 


ALET TTL HIGH 


EA 


RST 
VIHl 


XTALl 
PSEN 


VSS 
~ 


EPROM PROGRAMMING, 
SECURITY 
BIT PROGRAMMING 


AND VERIFICATION 
CHARACTERISTICS 


TA = 21°C to 27"C, vcc 
= 4.5V to 5.5V, vss 
= OV 


Symbol 
Parameter 
Min 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
20.5 
21.5 
V 


IPP 
Programming 
Current 
30 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
ENABLE 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG 
10 
/Lsec 


TGHSL 
Vpp Hold after PROG 
10 
/Lsec 


TGLGH 
PROGWidth 
45 
55 
msec 


TAVQV 
Address to Data Valid 
48TCLCL 


TELQV 
ENABLE to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


EPROM 
PROGRAMMING, 
SECURITY 
BIT PROGRAMMING 


AND VERIFICATION 
WAVEFORMS 


T 


fAvpp 


ADDRESS 
ADDRESS 
\. 
/ 


TAVQV-- 


DATA IN 
DATA OUT 
--- 
- 
TDVGL 
TGHDX-- 
TAVGL 
TGHAX 
\ ----l 


TSHGL 
TGHSL 


TGLGH 


21V 
.. 5V 
\ 


~ 
TTL HIGH 
TTL 
HIGH 
TTL 
HIGH 


TEHSH-- 


_ 
TELQV 
- TEHQZ 
,~»)--~-)~ 
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The 8044 is a serial communication 
microcontroller 


known as the RUPI (Remote Universal Peripheral In- 
terface). It merges the popular 8051 8-bit microcontrol- 
ler with an intelligent, high performance HOLC/SOLC 
serial communication controller called the Serial Inter- 
face Unit (SIU). The chip provides all features of the 
microcontroller 
and supports the Synchronous Oata 
Link Control (SOLe) communications protocol. 


1."hereare two methods of operation relating to frame 
sIze: 
I) Normal operation (limited frame size) 
2) Expanded operation (unlimited frame size) 


In Normal operation the internal 
192 byte RAM' is 


used as the receive and transmit butTer. In this opera- 
tion, the chip supports data rates up to 2.4 Mbps exter- 
nally clocked and 375 Kbps self-clocked. For frame 
sizes greater than 192 bytes, Expanded operation is re- 
quired. In Expanded operation the external RAM, in 
conjunction with the internal RAM, is used as the 
transmit and receive butTer. In this operation, the chip 
supports data rates up to 500 Kbps externally clocked 
and 375 Kbps self-clocked. In both cases, the SIU han- 
dles many of the data link functions in hardware 
and 


the chip can be configured in either Auto or FI~xible 
mode. 


The discussion that follows describes the operation of 
the chip and the behavior of the serial interface unit. 
Both Normal and Expanded operations will be further 
explained with extra emphasis on Expanded operation 
and its supporting software. Two examples of SOLC 
communication systems will also be covered, where the 
chip is used in Expanded operation. The discussion as- 


____ I~ 
TRANSMIT~ 
FRAME: L..::...L..:..L 
_ 


----~ 


RECEIVE~ 
FRAME: L..::...L..:..L 
_ 


sumes that the reader is familiar with the 8044 data 
sheet and the SOLC communications protocol. 


In Normal operation the on-chip CPU and the SIU 
operate in parallel. The SIU handles the serial commu- 
nication task while the CPU processes the contents of 
the on-chip transmit and receiver butTer, services inter- 
rupt routines, or performs the local real time processing 
tasks. 


The 192 bytes of on-chip RAM serves as the interface 
butTerbetween the CPU and the SIU, used by both as a 
receive and transmit butTer. Some of the internal RAM 
space is used as general purpose registers (e.g. RO-R7). 
The remaining bytes may be divided into at least two 
sections: one section for the transmit butTer and the 
other section for t?e receive butTer. In some applica- 
tIOns,the 192 byte tnternal RAM size imposes a limita- 
tion on the size of the information field of each frame 
and, consequently, achieves less than optimal informa- 
tion throughput. 


Figure 
I illustrates the flow of data when internal 


RAM is used as the receive and transmit butTer. The 
on-chip CPU allocates a receive butTer in the internal 
RAM and enables the SIU. A receiving SOLC frame is 
processed by the SIU and the information bytes of the 
frame, if any, are stored in the internal RAM. Then, 
the SIU informs the CPU of the received bytes (Serial 
Channel interrupt). For transmission, the CPU loads 
the transmitting bytes into the internal RAM and en- 
ables the SIU. The SIU transmits the information bytes 
in SOLC format. 


SPECIAL FUNCTION 


REGISTERS 


•t 


TRANSMIT 
BUFFER 


t 


RECEIVE 
BUFFER 


• 
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RECEIVE rrr;:T'C1 
FRAME: L..:...L..:..L: 
••, 
_ 


t 
RECEIVE 
, 
L~L 


EXTERNAL 
RAM 
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In Expanded operation the on-chip CPU monitors the 
state of the SIU, and moves data from/to external buff- 
e.rto/from the internal RAM and registers while recep- 
tIOn/transmission 
is taking place. If the CPU must 


service an interrupt during transmission or reception of 
a frame or transmit from internal RAM, the chip can 
shift to Normal operation. 


There is a special function register called SIUST, the 
contents of which dictate the operation of the SIU. 
Also, at data rates lower than 2.4 Mbps, one section of 
the SIU, in fixed intervals during transmission and re- 
ception, is in the "standby" 
mode and performs no 


function. The above two characteristics make it possi- 
ble to program the CPU to move data to/from external 
RAM and to force the SIU to repeat or skip some de- 
sired hardware tasks while transmission or reception is 
taking place. With these modifications, external RAM 
can be utilized as a transmit and receive buffer instead 
of the internal RAM. 


Figure 2 graphically shows the flow of data when exter- 
nal RAM is used. For reception, the receiving bytes are 
loaded into the Receive Control Byte (RCB) register. 
Then, the data in RCB is moved to external RAM and 
the SIU is forced to load the next byte into the RCB 
register - The chip believes it is receiving a control byte 
continuously. For transmission, Information bytes (1- 
bytes) are loaded into a location in the internal RAM 
and the chip is forced to transmit the contents of this 
location repeatedly. 


Discussion of expanded operation is continued in sec- 
tions 4 and 5. First, however, sections 2 and 3 describe 


features of the 8044 which are necessary to further ex- 
plain expanded operation. 


2.1 
Hardware 
Description 


The Serial Interface Unit (SIU) of the RUPI, shown in 
Figure 3, is divided functionally into a Bit Processor 
(BIP) and a Byte Processor (BYP), each sharing some 
common timing and control logic. The bit processor is 
the interface between the SIU bus and the serial port 
pins. It performs all functions necessary to transmit/re- 
ceive a byte of data to/from the serial data line (shift- 
ing, NRZI coding, zero insertion/deletion, 
etc.). The 


byte processor manipulates bytes of data to perform 
message formatting, transmitting, and receiving func- 
tions. For example, moving bytes from/to 
the special 
function registers to/from the bit processor. 


The byte processor is controlled by a Finite-State Ma- 
chine (FSM). Fo~ every receiving/transmitting 
byte, 


the byte processor executes one state. It then jumps to 
the next state or repeats the same state. These states 
will be explained in section 3. The status of the FSM is 
kept in an 8-bit register called SIUST (SIU State Coun- 
ter). This register is used to manipulate the behavior of 
the byte processor. 


As the name implies, the bit processor processes data 
one bit at a time. The speed of the bit processor is a 
function of the serial channel data rate. When one byte 
of data is processed by the bit processor, a byte bounda- 
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ry is reached. Each time a byte boundary is detected in 
the serial data stream, a burst of clock cycles (16 CPU 
states) is generated for the byte processor to execute 
one state of the state machine. When all the procedures 
in the state are executed, a wait signal is asserted to 
terminate the burst, and the byte processor waits for 
the next byte boundary (standby mode). The lower the 
data rate, the longer the byte processor will stay in the 
standby mode. 


Incoming data is NRZI decoded by the on-chip decod- 
er. It is then passed through the zero insertion/deletion 
(ZID) circuitry. The ZID not only performs zero inser- 
tion/deletion, 
but also detects flags and Go Aheads 
(GA) in the data stream. The data bits are then loaded 
into the shift register (SR) which performs serial to par- 
allel conversion. When 8 bits of data are collected in the 
shift register, the bit processor triggers the byte proces- 
sor to process the byte, and it proceeds to load the next 


+- PH2 
+- TIMER 1 
OVERFLOW 
+- SCLR 


SPECIAL 
FUNCTION 
REGISTERS: 
STAD 
TBL 
RCB 
TCB 
RBL 
BCNT 
RBS FIFOO 
RFL 
FlF01 
TBS 
FIF02 


DUAL 
PORT 
RAM 


block of data into the shift register. The serial data is 
also shifted, through SR, to a 16-bit register called 
"FCS GEN/CHK" 
for CRC checking. The byte proc- 
essor takes the received address and control bytes from 
the SR shift register and moves them to the appropriate 
registers. If the contents of the shift register is expected 
to be an information byte, the byte processor moves 
them through a 3-byte FIFO to the internal RAM at a 
starting location addressed by the contents of the Re- 
ceive Buffer Start (RBS) register. 


In the transmit mode, the byte processor relinquishes a 
byte to the bit processor by moving it to a register 
called RB (RAM buffer). The bit processor converts 
the data to serial form through the shift register, per- 
forms zero bit insertion, NRZI encoding, and sends the 
data to the serial port for transmission. Finally, the 
contents of the FCS GEN/CHK 
and the closing flag 
are routed to the serial port for transmission. 
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3.0 TRANSMIT 
AND RECEIVE 
STATES 


The simplified receive and transmit state diagrams are 
shown in Figures 4 and 5, respectively. The numbers on 
the left of each state represent the contents of the 
SIUST register when the byte processor is in the stand- 
by mode, and the instructions on the right of each state 
represent the "state procedures" of that state. When the 
byte processor executes these procedures the least three . 
significant bits of the SIUST register are being incre- 
mented while the other bits remain unchanged. The 
byte processor will jump from one state to another 
without going into the standby mode when a condition- 
al jump procedure executed by the byte processor is 
true. 


When an opening flag (7EH) is detected by the bit 
processor, the byte processor is triggered to execute the 
procedures of the FLAG state. In the FLAG state, the 
byte processor loads the contents of the RBS register 
into the Special RAM (SRAR) register. SRAR is the 
pointer to the internal RAM. The byte processor decre- 
ments the contents of the Receive Buffer Length (RBL) 
register and loads them into the DMA Count (DCNT) 
register. The FCS GEN/CHK 
circuit is turned on to 


monitor the serial data stream for Frame Check Se- 
quence functions as per SDLC specifications. 


Assuming there is an address field in the frame, con- 
tents of the SIUST register will then be changed to 
08H, causing the byte processor to jump to the AD- 
DRESS state and wait (standby) for the next byte 
boundary. As soon as the bit processor moves the ad- 
dress byte into the SR shift register, a byte boundary is 
achieved and the byte processor is triggered to execute 
the procedures in the ADDRESS state. 


In the ADDRESS state the received station address is 
compared to the contents of the STAD register. If there 
is no match, or the address is not the broadcast address 
(FFH), reception will be aborted (SIUST = OlH). Oth- 
erwise, the byte processor jumps to the CONTROL 
state (SIUST = IOH) and goes into standby mode. 


The byte processor jumps to the CONTROL state if 
there exists a control field in the receiving frame. In 
this state the control byte is moved to the RCB register 
by the byte processor. Note that the only action taken 
in this state is that a received byte, processed by the bit 
processor, is moved to RCB. There is no other hard- 
ware task performed, and DCNT and SRAR are not 
affected in this state. 


The next two states, PUSH-I and PUSH-2, will be exe- 
cuted if Frame check sequence (NFCS = 0) option is 
selected. In these two states the first and second bytes 


of the information field are pushed into the 3-byte 
FIFO (FIFOO, FIFO I, FIF02) 
and the Receive Field 


Length register (RFL) is set to zero. The 3-byte FIFO 
is used as a pipeline to move received bytes into the 
internal RAM. The FIFO prevents transfer of CRC 
bytes and the closing flag to the receive buffer (i.e., 
when the ending flag is received, the contents of FIFO 
are FLAG, FCSI, and FCSO.) The three byte FIFO is 
collapsed to one byte in No FCS mode. 


In the DMA-LOOP state the byte processor pushes a 
byte from SR to FIFOO, moves the contents of FIF02 
to the internal RAM addressed by the contents of 
SRAR, increments the SRAR and RFL registers, and 
decrements the DCNT register. If more information 
bytes are expected, the byte processor repeats this state 
on the next byte boundaries until DMA Buffer End 
occurs. The DMA Buffer End occurs if SRAR reaches 
OBFH (192 decimal); DCNT reaches zero, or the RBP 
bit of the STS register is set. 


The BOV-LOOP state, the last state, is executed if 
there is a buffer overrun. Buffer overrun occurs when 
the number of information bytes received is larger than 
the length of the receive buffer (RFL > RBL). This 
state is executed until the closing flag is received. 


At the end of reception, if the FCS option is used, the 
closing flag and the FCS bytes will remain in the 3-byte 
FIFO. The contents of the RCB register are used to 
update the NSNR (Receive/Send Count) register. The 
SIU updates the STS register and sets the serial inter- 
rupt. 


Setting the RTS bit puts the SIU in the transmit mode. 
When the CTS pin goes active, the byte processor goes 
into START-XMIT state. In this state the opening flag 
is moved into the RAM Buffer (RB) register. The byte 
processor jumps to the next state and goes into the 
standby mode. 


If the Pre-Frame Sync (PFS) option is selected, the 
PFS I and PFS2 states will be executed to transmit the 
two Pre-Frame Sync bytes (DOH or 55H). In these two 
states the contents of the Pre-Frame Sync generator are 
sent to the serial port while the Zero Insertion Circuit 
(ZID) is turned off. ZID is turned back on automatical- 
ly on the next byte boundary. 


If the PFS option is not chosen, the byte processor 
jumps to the FLAG state. In this state, the byte proces- 
sor moves the contents of TBS into the SRAR register, 
decrements 
TBL and moves the contents 
into the 


DeNT 
register. The byte processor turns off the ZID 


and turns on FCS GEN/CHK. 
The contents of FCS 


GEN/CHK 
are not transmitted unless the NFCS bit is 
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( 
BOY-LOOP) 


01-1) 
(RBS)-SRAR 
01-2) 
(RBL)-1- 
(DCNT) 
01-3) 
TURNON FCS GEN/CHK 
0104) 
IF POINTTO POINTtolODE, 
GOTO10-2 


08-1) 
SR-TtolP 
08-2) 
(STAD)-RB 
08-3) 
IF RB.NE.TtolPAND 
FFH.NE.TtolPTHEN IDLE 
08-4) 
IF NB=l 
GOTO10-2 


10-1) 
SR-(RCB) 
10-2) 
IF NFCS=l GOTO20-3 


18-1) 
SR-(FIFOO) 


18-2) 
PUSH 


20-1) 
SR-(FIFOO) 


20-2) 
PUSH 


20-2) 
(RFL)-OOH 


20-4) 
IF DtolABUFFEREND, 
GOTO28-7 
20-5) 
(RCB)-RB 


28-1) 
IF ENDOF I-FIELD. 
THEN IDLE 
28-2) 
(FIF02)-@SRAR 


28-3) 
SR- 
(F1FOO) 
28-4) 
INC. SRAR 


28-5) 
PUSH 
28-6) 
DEC.(DCNT) 


28-7) 
INC. (RFL) 


28-8) 
IF NOT DtolABUFFEREND, 
GOTO28-1 
28-9) 
RCB)- 
RB 


30-1) 
SET BOY BIT (SRS.3) 
30-2) 
(RCB)- 
RB 
30-3) 
IF NOT ENDOF I-FIELD, 
GOTO30-1 
30-4) 
IDLE 


set. If a frame with the address field is chosen, it moves 
the contents of the STAD register into the RB register 
for transmission. At the same time, the opening flag is 
being transmitted by the bit processor. 


In the ADDRESS (SIUST = AOH) and CONTROL 
(SIUST = A8H) states, TCB and the first information 
byte are loaded into the RB register for transmission, 
respectively. Note that in the CONTROL state, none of 
the registers (e.g. DCNT, SRAR) are incremented, and 
ZID and FCS GEN/CHK 
are not turned on or off. 


The procedures in the DMA-LOOP state are similar to 
the procedures of the DMA-LOOP in the receive state 
diagram. The SRAR register pointer to the internal 
RAM is incremented, and the DCNT register is decre- 
mented. The contents of DCNT reach zero when all the 
information bytes from the transmit buffer are trans- 
mitted. A byte from RAM is moved to the RB register 
for transmission. This state is executed on the following 


byte boundaries 
until all the information 
bytes are 
transmitted. 


The FCS I and the FCS2 states are executed to transmit 
the Frame Check Sequence bytes generated by the FCS 
generator, and the END-FLAG 
state is executed to 
transmit the closing flag. 


The 
XMIT-ACTION 
and 
the 
ABORT-ACTION 
states are executed by the byte processor to synchronize 
the SIU with the CPU clock. The XMIT-ACTION 
or 


the ABORT-ACTION 
state is repeated until the byte 


processor status is updated. At the end, the STS and the 
TMOD registers are updated. 


The two ABORT-SEQUENCE 
states (SIUST = EOH 
and SIUST = E8H) are executed only if transmission 
is aborted by the CPU (RTS or TBF bit of the STS 
register is cleared) or by the serial data link (CTS signal 
goes inactive or shut-off occurs in loop mode.) 
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SIUST 
STATE 
STATE PROCEDURE 


87H 
87-1) 
FLAG-RB 


88H 
88-1) 
IF NO PFS (SMD.2=0). 
GOTO 98-1 
88-2) 
XMIT A PFS BYTE 
88-3) 
ZID OFF 


90H 
90-1) 
XMIT A PFS BYTE 
90-2) 
.ZID OFF 


98H 
98-1) 
(TBS)-SRAR 
98-2) 
ZID OFF 
98-3) 
(TBL)-l- 
(DCNT) 
98-4) 
TURN ON FCS GEN/CHK 
98-5) 
IF POINT TO POINT MODE. 
GOTO A8-1 
98-6) 
(STAD)- 
RB 


AOH 
ADDRESS 
AO-1) 
IF NB=l 
GOTO A8-1 
AO-2) 
IF AUTO MODE 
CTRL-RB 
AO-3) 
IF FLEXIBLE 
MODE 
(TCB)-RB 


A8H 
A8-1) 
IF DMA BUFFER END. 
GOTO BO-3 
A8-2) 
@SRAR-RB 


BOH 
BO-1) 
INC. SRAR 
BO-2) 
DEC. DCNT 
BO-3) 
IF DMA BUFFER 
END 
AND NFCS=I, 
GOTO CO-1 
BO-4) 
@SRAR-RB 
BO-5) 
GOTO BO-l 


B8H 
B8-1) 
NO ACTION 


COH 
CO-1} 
FLAG-RB 


C8H 
C8-1) 
ZID OFF 


DOH 
00-1) 
REPEAT THIS STATE TILL SIU 
IS IN SYNC. WITH CPU, THEN 
IDLE. ZID OFF 


EOH 
EO-1) 
NO ACTION 


E8H 
E8-1) 
ZID OFF 


FOH 
FO-l) 
REPEAT THIS STATE TILL SIU 
IS IN SYNC. WITH CPU, THEN 
IDLE. ZID OFF 
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Figure 5. Transmit 
State Diagram 


4.0 TRANSMISSION/RECEPTION 
OF 
LONG FRAMES 
(EXPANDED 
OPERATION) 


In this application note, a frame whose information 
field is more than 192 bytes (size of on-chip RAM) is 
referred to as a long frame. The 8044 can access up to 
64000 bytes of external RAM. Therefore, a long frame 
can have up to 64000 information bytes. 


During transmission or reception of a frame, while the 
bit processor is processing a byte, the byte processor, 
after 16 CPU states, is in the standby mode, and the 
internal registers and the internal bus are not used. The 
period between each byte boundary, 
when the byte 


processor is in the standby mode, can be used to move 
data from external RAM to one of the byte processor 
registers for transmission and vice versa for reception. 
The contents of the SIUST register, which dictate the 
state of the byte processor, can be monitored to recog- 
nize the beginning of each SDLC field and the consecu- 
tive byte boundaries. 


By writing into the SIUST register, the byte processor 
can be forced to repeat or skip a specific state. As an 
example, the SIU can be forced to repeatedly put the 
received bytes into the RCB register. This is accom- 
plished by writing E7H into the SIUST register when 
the byte processor goes into the standby mode. The 
byte processor, 
therefore, 
executes the CONTROL 


state at the next byte boundary. 


For transmission, the byte processor is put in the trans- 
mit mode. When transmission of a frame is initiated, 
the user program calls a subroutine in which the state 
of the byte processor is monitored by checking the con- 
tents of the SIUST register. When the byte processor 
reaches a desired state and goes into standby, the CPU 
loads the first byte of the internal RAM buffer with 
data and moves the byte processor to the CONTROL 
state. The routine is repeated for every byte. At the end, 
the program returns from the subroutine, and the SIU 
fmishes its task (see application examples). 


For reception, a software routine is executed to move 
data to external RAM and to force the SIU to repeat 
the CONTROL state. The CONTROL state is repeated 
because, as shown in the receive state diagram, the only 
action taken by the byte processor, in the CONTROL 
state, is to move the contents of SR to the RCB register. 
None of the registers (e.g. SRAR and DCNT) are in- 
cremented. A similar comment justifies the use of the 
CONTROL 
state for transmission. 
In the transmit 


CONTROL state, contents of a location in the on-chip 
RAM addressed by TBS is moved to RB for transmis- 
sion. 


To write into the SIUST register, the data must be com- 
plemented. For example, if you intend to write 18H 
into the SIUST register, you should write E7H to the 
register. The data read from SIUST is, however, true 
data (i.e. 18H). 


Read and write accesses to the SIUST, STAD, DCNT, 
RCB, RBL, RFL, TCB, TBL, TBS, and the 3-byte 
FIFO registers are done on even and odd phases, re- 
spectively. Therefore, there is no bus contention when 
the CPU is monitoring the registers (e.g. SIUST), and 
SIU is simultaneously writing into them. 


There is no need to change or reset the contents of any 
SIU 
register 
while 
transmitting 
or 
receiving 
long 


frames, unless the byte processor is forced to repeat a 
state in which the contents of these registers are modi- 
fied. Note that the SRAR register can not be accessed 
by the CPU; therefore, avoid repeating the DMA- 
LOOP states. If SRAR increments to 192, the SIU will 
be interrupted and communication will be aborted. 


The internal RAM, in conjunction with an external 
buffer (RAM or FIFOs), can be used as a transmit and 
receive buffer. In other words, Expanded and Normal 
operation can be used together. For example, if a frame 
with 300 Information bytes is received and only 255 of 
them are moved to an external buffer, the remaining 
bytes (45 bytes) will be loaded into the internal RAM 
by the SIU (assuming RBL is set to 45 or more). The 
contents of RFL indicate the number of bytes stored in 
the internal RAM. For transmission, the contents of 
the external buffer can be transmitted followed by the 
contents of the internal buffer. 


If the internal RAM is not used, contents of the RBL 
register can be 0 and contents of the TBL register must 
be set to I. The contents of the TBS register can be any 
location in the internal RAM. 


The transmission and reception procedures for long 
frames with no FCS are similar to those with FCS. The 
exception is the contents of the SIUST register should 
be compared with different values since the two FCS 
states of the transmit 
and receive flow charts 
are 


skipped by the byte processor. 


If a frame format with no control byte is chosen, a 
location in the RAM addressed by TBS should be used 
for transmission as with control byte format. The FIFO 
can be used for reception. The STAD register can be 
used for transmission if no zero insertion is required. 


inter 


If the RUPI is used in Auto mode (see Section 5), it 
will still respond to RR, RNR, REJ, and Unnumbered 
Poll (UP) SDLC commands with RR or RNR auto- 
matically, without using any transmit routine. For ex- 
ample, if the on-chip CPU is busy performing some real 
time operations, the SIU can transmit an information 
frame from the internal buffer or transmit a supervisory 
frame without the help of CPU (Normal operation). 


Maximum data rate using this feature is limited primar- 
ily by the number of instructions needed to be executed 
during the standby mode. 


Transmission or reception of a frame can be timed out 
so that the CPU will not hang up in the transmit or 
receive procedures if a frame is aborted. Or, if the data 
rate allows enough time (standby time is long enough), 
the CPU can monitor the SIUST register for idle mode 
(SIUST = OlH). 


It is also possible to transmit multiple opening or clos- 
ing flags by forcing the byte processor to repeat the 
END-FLAG 
state. 


ADDRESS 
X... 
C_O_N_T_RO_L 
X... 
P_U_S_H_-_l 
X 
PUSH-2 


4.4 
Maximum Data Rate in Expanded 
Operation 


Assuming there is no zero-insertion/deletion, 
the bit 


processor requires eight serial clock periods to process 
one block of data. The byte processor, running on the 
CPU clock, processes one byte of data in 16 CPU states 
(one state of the state diagrams). Each CPU state is two 
oscillator 
periods. 
At 
an 
oscillator 
frequency 
of 


12 MHz, the CPU clock is 6 MHz, and 16 CPU states 
is 2.7 IJ-s.At a 3 Mbit rate with no zero-insertion/dele- 
tion, there is exactly enough time to execute one state 
per byte (16 states at 6 MHz = 8 bits at 3M baud). In 
other words, the standby time is zero. 


Figure 6 demonstrates portions of the timing relation- 
ship between the byte processor and the bit processor. 
In each state, the actions taken by the processors, plus 
the contents of the SIUST register, are shown. When 
the byte processor is running, the contents of SIUST 
are unknown. However, when it is in the standby mode, 
its contents are determinable. 


The maximum data rate for transmitting and receiving 
long frames depends on the number of instructions 
needed to be executed during standby, and is propor- 


BYP: 
SR - 
RCB 


SIUST: 
? 
10H 
? 
18H 


6a. Reception 


STATE: 
FLAG 
X 
ADDRESS 
X 


20 H 
292019-7 


______ 
CO_N_T_R_O_L 
X~ 
_ 


BO H 
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tional to the oscillator frequency. The time the byte 
processor is in the standby mode, waiting for the bit 
processor to deliver a processed byte, is at least equal to 
eight serial clock periods minus 16 CPU states. If an 
inserted zero is in the block of data, the bit processor 
will process the byte in nine serial clock periods. 


The equation for theoretical maximum data rate is giv- 
en as: 


(2TCLCL) 
x (16 states) + (# of instructioncycles) x 
(12TCLCL) 
= (8TOCY) 
Equation(1) 


Where: TCLCL is the oscillator period. 
TDCY is the serial clock period. 


At an oscillator frequency of 12 MHz and baud rate of 
375 Kbps, about 18 instruction cycles can be executed 
when the byte processor is in the standby mode. At a 
9600 baud rate, there is time to execute about 830 in- 
struction cycles-plenty 
of time to service a long inter- 


rupt routine or perform bit-manipulation or arithmetic 
operations on the data while transmission or reception 
is taking place. 


The 8044 has two modes: Flexible mode and Auto 
mode. In Auto mode, the chip responds to many SDLC 
commands and keeps track of frame sequence number- 
ing automatically without on-chip CPU intervention. 
In Flexible mode, communication tasks are under con- 
trol of the on-chip CPU. 


For transmission, the CPU allocates space for transmit 
butTer by storing values for the starting location and 
size of the transmit butTer in the TBS and the TBL 
registers. It loads the butTerwith data, sets the TBF and 
the RTS bits in the STS register, and proceeds to per- 
form other tasks. The SIU activates the RTS line. 
When the CTS signal goes active, the SIU transmits the 
frame. At the end of transmission, the SIU clears the 
RTS bit and interrupts the CPU (SI set). 


For reception, the CPU allocates space for receive butT- 
er by loading the beginning address and length of the 
receive butTer into the RBS and RBL registers, sets the 
RBE bit, and proceeds to perform other tasks. The 
SIU, upon detection of an opening flag, checks the next 
received byte. If it matches the station address, it will 
load the received control byte into RCB, and received 
information bytes into the receive butTer. At the end of 
reception, if the Frame Check Sequence (FCS) is cor- 
rect, the SIU clears RBE and interrupts the CPU. 


In the Auto mode, the 8044 can only be a secondary 
station 
operating 
in the SDLC 
"Normal 
Response 


Mode". The 8044 in Auto mode does not transmit mes- 
sages unless it is polled by the primary. 


For transmission of an information frame, the CPU al- 
locates space for the transmit butTer, loads the butTer 
with data, and sets the TBF bit. The SIU will transmit 
the frame when it receives a valid poll-frame. A frame 
whose poll bit of the control byte is set, is a poll-frame. 
The poll bit causes the RTS bit to be set. If TBF were 
not set, the SIU would respond with Receive Not 
Ready (RNR) SDLC command if RBP = I, or with 
Receive Ready (RR) SDLC command if RBP = O. 
After transmission RTS is cleared, and the CPU is not 
interrupted. 


For reception, the procedure is the same as that of 
Flexible mode. In addition, the SIU sets the RTS bit if 
the received frame is a poll-frame (causing an automat- 
ic response) and increments the NS and NR counts 
accordingly. 


Two application examples are given to provide addi- 
tional details about the procedures used to transmit and 
receive long frames. In the first application example, 
procedures to construct receive and transmit software 
routines for the point-to-point 
frame format are de- 


scribed. The point-to-point frame has the information 
field and the FCS field enclosed between two flags (see 
Figure 7). In the second example software code is gen- 
erated for reception and transmission of the standard 
SDLC frame. The SDLC frame has the pattern: flag, 
address, control, information, FCS, flag. 


The first example focuses on the construction of trans- 
mit and receive code which allow the chip to transmit 
and receive long frames. The second example shows 
how to make more use of the 8044 features, such as the 
on-chip phase locked loop for clock recovery and auto- 
matic responses in the Auto mode to demonstrate the 
capability of the 8044 to achieve high throughput when 
Expanded operation is used. 


6.1 
Point-to-Point 
Application 


Example 


A point-to-point communication system was developed 
to receive and transmit long frames. The system con- 
sists of one primary and one secondary station. Al- 
though multiple secondary stations can be used in this 


inter 


~1INFORMATION 1 
BYTES 


FLAG 


ADDRESS BYTE 


CONTROL BYTE 


, 
INFORMATION' 


FRAME CHECK 
SE~UENCE 


FLAG 


FRAME CHECK 
SE~UENCE 


FLAG 


Figure 7. Point-to-Point 
and Standard 
SOLC 
Frame Formats 


system, one secondary 
is chosen to simplify the primary 


station's 
software and focus on the long frame software 


code. Both the primary 
and the secondary 
stations 
are 


in Flexible mode and the external 
clock option is used 


for 
the 
serial 
channel. 
The 
maximum 
data 
rate 
is 


500 Kbps. 
The FCS bytes are generated 
and checked 


automatically 
by both stations. 


The polling 
sequence, 
shown 
in Figure 
8, takes place 


continuously 
between 
the primary 
and the secondary 


stations. The primary 
transmits 
a frame with one infor- 


mation 
byte to the secondary. 
The information 
byte is 
used by the secondary 
as an address byte. The second- 


ary 
checks 
the 
received 
byte, 
and 
if 
the 
address 


matches, 
the secondary 
responds 
with a long frame. In 


this example, the information 
field of the frame is cho- 


sen to be 255 bytes long. Since there is only one second- 
ary station, 
the address always matches. 
Upon success- 


ful reception 
of the long frame, the primary 
transmits 
another 
frame to the secondary 
station. 


The schematic 
of the secondary 
station is given in Fig- 


ure 9. The circuit of the primary 
station 
is identical 
to 


the 
secondary 
station 
with 
the 
exception 
of pin 
II 


F-I 
BYTE-FCS-F 


PRIMARY 
SECONDARY 


F-255 
I BYTES-FCS-F 


Figure 8. Secondary 
Responses 
to Primary 


Station Commands 


(DATA) 
being connected 
to pin 
14 (TO). In the pri- 


mary station, 
the 8044 is interrupted 
when activity 
is 


detected on the communication 
line by the on-chip tim- 


er (in counter 
mode). This is explained 
more later. The 


serial clock to both stations is supplied by a pulse gen- 
erator. The output of the pulse generator 
(not shown in 


the diagram) 
is connected 
to pin 15 of the 8044s. Since 


the two stations are located near each other (less than 4 
feet), line drivers are not used. 


The central 
processor 
of each station 
is the 8044. The 


data 
link 
program 
is 
stored 
in 
a 
2Kx8 
EPROM 


(2732A), and a 2Kx8 static RAM (AM9128) 
is used as 


the external transmit 
and receive buffer. The RTS pin is 


connected 
to the CTS pin. For simplicity, 
the stations 


are assumed to be in the SDLC Normal 
Respond 
Mode 


after Hardware 
reset. 


The assembly 
code for the primary 
station 
software 
is 


listed in Appendix 
A. The primary 
software consists of 


the main routine, 
the SIU interrupt 
routine, 
and the 


receive interrupt 
routine. 
The receive interrupt 
routine 


is executed 
when a long frame is being received. 


In the flow charts 
that follow, all actions taken by the 


SIU appear in squares, and actions taken by the on-chip 
CPU appear in spheres. 
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First, the chip is initialized (see Figure 10). It is put in 
Flexible mode, externally clocked, and "Flag-Informa- 
tion Field-FCS-Flag" 
frame format. Pre-Frame Sync 
option (PFS = 
I) and automatic Frame Check Se- 


quence generation/detection 
(NFCS = 0) are selected. 
The on-chip transmit buffer starts at location 20H and 
the transmit buffer length is set to I. This one byte 
buffer contains the address of the secondary station. 
There is no on-chip receive buffer since the long frame 
being received is moved to the external buffer. The 
RTS, TBF, and RBE bits are set simultaneously. Set- 
ting the RTS and TBF bits causes the SIU to transmit 
the contents of the transmit buffer. 


Main Program 


Figure 10. Primary Station 
Flow Charts 


After transmission of the frame, the SIU interrupts the 
on-chip CPU (SI is set). In the SIU interrupt service 
routine, counter 0 is initialized and turned on (see Fig- 
ure II). The user program returns to perform other 


tasks. After reception of the long frame, the SIU inter- 
rupt routine is executed again. This time, RTS, TBF, 
and RBE are set for another round of information ex- 
change between the two stations. 


SIU never interrupts while reception or transmission is 
taking place. The SIU registers are updated and the SI 
is set (serial interrupt) after the closing flag has been 
received or transmitted. An SIU interrupt never occurs 
if the receive interrupt routine or the transmit subrou- 
tine is being executed. 


Setting the RBE bit of the STS register puts the RUPI 
in the receive mode. However, the jump to the receive 
interrupt routine occurs only when a frame appears on 
the serial port. Incoming frames can be detected using 
the Pre-Frame Sync. option and one of the CPU timers 
in counter mode. The counter external pin (TO) is con- 
nected to the data line (pin II is tied to pin 14). Setting 
the PFS (Pre-Frame Sync.) bit will guarantee 16 tran- 
sitions before the opening flag of a flame. 


SIU Interrupt 
Routine 


Figure 11. Primary Station 
Flow Charts 


inter 


The counter registers are initialized such that the coun- 
ter interrupt occurs before the opening flag of a frame. 
When the PFS transitions appear on the data line, the 
counter overflows and interrupts the CPU. The CPU 
program jumps to the timer interrupt service routine 
and executes the receiveroutine. In the receiveroutine, 
the received frame is processed, and the information 
bytes are moved to the external RAM. Note that the 
maximum count rate of the 8051 counter is '/24 of the 
oscillator frequency. At 12MHz, the data rate is limit- 
ed to 500 Kbps. 


Another method to detect a frame on the data line and 
cause an interrupt is to use an external "Flag-Detect" 
circuit to interrupt the CPU. The "Flag Detect" circuit 
can be an 8-bit shift register plus some TTL chips. If 
this option is used, the RUPI must operate in externally 
clocked mode because the clock is needed to shift the 
incoming data into the shift register. With this option, 
the maximum data rate is not limited by the maximum 
count rate of the 8051 counter. 


In Normal operation, the byte processor executes the 
procedures of the FLAG state, jumps to the CON- 
TROL state without going into the standby mode, and 
executes 10-2 procedure of the state (see Figure 4). It 
then jumps to the PUSH-I state and goes into the 
standby mode. At the following byte boundaries, the 
byte processor executes the PUSH-I, PUSH-2, and 
DMA-LOOP states, respectively.The receiveinterrupt 
routine as shown in the flow chart of Figure 12 and 
described below forces the byte processor to repeatedly 
execute the CONTROL state before the PUSH-I state 
is executed. The followingis the step by step procedure 
to receive long frames: 
I) Turn off the CPU counter and save all the impor- 


tant registers. Jump to the receiveinterrupt routine, 
execution of the instructions to save registers, and 
initialization of the receivebuffer pointer take place 
while the Pre-Frame Sync bytes and the opening 
flag are being received.This is about three data byte 
periods (48 CPU cycles at 500 Kbps). 


2) Monitor the SIUST register for standby in the 


PUSH-I state (SIUST = 18H). When the SIUST 
contents are 18H, the byte processor is waiting for 
the first information byte. The bit processor has al- 
ready recognized the flag and is processing the first 
information byte. 
3) In the standby mode, move the byte processor into 


the CONTROL state by writing "EFH" (comple- 
ment of IOH) into the SIUST register. When the 
next byte boundary occurs, the bit processor has 
processed and moved a byte of data into the SR 
register. The byte processor moves the contents of 
SR into the RCB register, jumps to the PUSH-I 
state (SIUST = 18H), and waits. 


4) Monitor the SIUST register for standby in the 


PUSH-l state. When the contents of SIUST be- 
comes 18H, the contents of RCB are the first infor- 
mation byte of the information field. 


5) While the byte processor is in the standby mode, 


move the contents of RCB to an external RAM or 
an I/O port. 


6) Check for the end of the information field. The end 
can be detected by knowing the number of bytes 
transmitted, or by having a unique character at the 
end of information field. The length of the informa- 
tion field can be loaded into the first byte(s) re- 
ceived. The receive routine can load this byte into 
the loop counter. 


7) If the byte received is not the last information byte, 


move the byte processor back to standby in the 
CONTROL state and repeat steps 4 through 6. Oth- 
erwise, return from the interrupt routine. 


Upon returning from the receive interrupt routine, the 
byte processor automatically executes the PUSH-I, 
PUSH-2, and DMA-LOOP before it stops. This causes 
the remaining information bytes (if any) to be stored in 
the internal RAM at the starting location specified by 
the contents of RBS register. At the end of the cycle, 
the closingflag and the CRC bytes are left in the FIFO. 
The RFL register willbe incremented by the number of 
bytes stored in the internal RAM. Then, the STS and 
NSNR registers are updated, and an appropriate re- 
sponse is generated by the SIU. 


The software to perform the above task is given in Ta- 
ble I. In this example, the number of instruction cycles 
executed during standby is 12 cycles. 
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CLR 
MOV 
CJNE 
MOV 
MOV 
CJNE 
MOV 
MOVX 
INC 
DJNZ 
RETI 


WAIT1: 
NEXTI: 
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Receive 
Interrupt 
Routine 


Figure 12. Primary Station 
Flow Charts 


TRO 
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The assembly code for the secondary 
station software is 


given in Appendix 
A. The secondary 
station 
contains 


the transmit 
subroutine 
which is called for transmission 
of long frames. 


As shown in the secondary 
station 
flow chart 
(Figure 


13), the external 
transmit 
buffer 
(external 
RAM) 
is 


loaded 
with the information 
data (FFR, 
FER, 
FDR, 
... 
) at starting 
location 
200R. 
The internal 
transmit 


buffer (on chip RAM) 
starts at location 
20R (TBS = 


20R), and the transmit 
buffer length (TBL) is set to 1. 


The on-chip 
CPU, 
in the transmit 
subroutine, 
moves 
the information 
bytes from the external 
RAM 
to this 
one byte 
buffer 
for transmission. 
The 
receive 
buffer 
starts at location 
lOR and the receiver buffer length is 


1. This buffer is used to buffer the frame transmitted 
by 


the primary. 
The received 
byte is used as an address 


byte. 


The Secondary is configured 
like the Primary 
station. It 


is put in Flexible 
mode, 
externally 
clocked, 
Point-to- 


point frame format. 
The PFS bit is set to transmit 
two 


bytes before the first flag of a frame. The RBE bit is set 
to put the chip in receive mode. Upon 
reception 
of a 
valid frame, 
the SIU 
loads 
the received 
information 


byte into the on-chip 
receive buffer and interrupts 
the 


CPU. 


In the serial interrupt 
routine, 
the RBE bit is checked 
(see Figure 
14). Since RBE is clear, a frame has been 
received. 
The 
received 
Information 
byte is compared 
with the contents 
of the Station Address 
(STAD) regis- 


ter. 


Main Program 


Figure 13.Secondary Station Flow Charts 


If they match, the secondary will call the transmit sub- 
routine to transmit 
the long frame. Upon returning 


from the transmit subroutine, the RBE bit is set, and 
program returns from the SIU interrupt. After trans- 
mission of the closing flag, SIU interrupt occurs again. 
In the interrupt routine, the RBE is checked. Since the 
RBE is set, the program returns from the SIU interrupt 
routine and waits until another long frame is received. 


If the secondary were in Auto mode, the chip must be 
ready to execute the transmit routine upon reception of 
a poll-frame; otherwise, the chip automatically trans- 
mits the contents of the internal transmit butTer if the 
TBF bit is set, or transmits a supervisory command 
(RR or RNR) if TBF is clear. 


In Normal operation the byte processor executes the 
START-TRANSMIT 
state artd jumps to the PFS I 


state. While the bit processor is transmitting some un- 
wanted bits, the byte processor executes the PFS I state 
and jumps to the standby mode in the PFS2 state. 


SIU Interrupt 


Figure 14.Secondary Station Flow Charts 


While the bit processor is transmitting 
the first Pre- 


Frame Sync byte, the byte processor executes the PFS2 
state and jumps to the standby mode in the FLAG 
state. The FLAG state is executed when the bit proces- 
sor begins to transmit the second Pre-Frame Sync byte. 
When the flag is being transmitted, the byte processor 
executes the 98-1, 98-2, 98-3, and 98-4 procedures of 
the FLAG state, and jumps to execute the A8-1 proce- 
dure of the CONTROL state. When the opening flag is 
transmitted, the contents of RB are the first informa- 
tion byte. (See transmit State diagram.) 


In the transmit subroutine (see Figure 15), the byte 
processor is forced to repeat the CONTROL state be- 
fore the DMA-LOOP state. In the CONTROL state, 
the contents of a RAM location addressed by the TBS 
register are moved to the RB register. The following is 
the step by step procedure to transmit long frames: 
1) Put the chip in transmit mode by setting the RTS 
and TBF bits. 


2) Move an information byte from external RAM to a 


location in the internal RAM addressed by the con- 
tents of TBS. 


Transmit 
Subroutine 


Figure 15. Secondary 
Station 
Flow Charts 


~) 
jVlOOIWr we :)1 U:) 1 register ror the standby mode III 
the DMA-LOOP 
state (SIUST 
= BOH). When 


SIUST is BOH, the opening flag has been transmit- 
ted, and the first information byte is being transmit- 
ted by the bit processor. 


4) If there are more information bytes, move the byte 


processor back to the CONTROL state, and repeat 
steps 2 through 4. Otherwise, continue. 


5) Move byte processor to the Standby mode in the 


CONTROL state (SIUST = ASH) and return from 
the subroutine. 


The byte processor automatically executes the remain- 
ing states to send the FCS bytes and the closing flag. 
After the completion of transmission, SIU updates the 
STS and NSNR registers and interrupts the CPU. 


If the contents of the TBL register were more than I, 
the SIU transmits (TBL)-I 
additional bytes from the 


internal RAM at starting address (TBS)+ I because it . 
executes the DMA-LOOP 
state (TBL)-l 
additional 


times. The byte processor should not be programmed to 
skip the DMA-LOOP state, because the transmission of 
FCS bytes is enabled in this state. 


The maximum baud rate that can be used with these 
codes is calculated by adding the number of instruction 
cycles executed, during the standby mode, between 
each'byte boundaries (see Table 2). 


Using Equation I, the maximum data rate, based on the 
transmit software, is 509 Kbps; However, the maxi- 
mum count rate of the counter limits the data rate to 
500 Kbps. 


MOV 
MOV 
SETB 
SETB 
MOVX 
MOV 
MOV 
CJNE 
INC 
MOVX 
MOV 
DJNZ 
MOV 
RET 
MOV 
MOV 
JMP 


DPTR, #200H 
R5,#OFFH 
TBF 
RTS 
A,@DPTR 
@R1,A 
A, #OBOH 
A,SIUST,WAIT1 
•••••••••••••••••••• 
2 


DPTR ••••••••••••••••••••••••••••• 
2 


A, @DPTR ••••••••••••••••••••••••• 
2 


@R1,A ••••••••••••••••••••••••••• 
1 


R5,NEXTI ••••••••••••••••••••••••• 
2 


SIUST, #57H 


SIUST, #57H 
•••••••••••••••••••••• 
2 


A, # OBOH 
••••••••••••••••••••••••• 
1 


WAIT1 •••••••••••••••••••••••••••• 
1 
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Performance oflong frame in addition to the features of 
the 8044 are described using a simple multidrop com- 
munication system in which three RUPIs, 
one as a 


master and the other two as secondary stations, trans- 
mit and receive long frames alternately (see Figure 16). 
All stations perform automatic zero bit insertion/dele- 
tion, 
NRZI 
decoding/encoding, 
Frame 
Check 
Se- 


quence (FCS) generation/detection, 
and on-chip clock 


recovery at a data rate of 375 Kbps. 


The primary and the secondary station's software code 
is given in Appendix B. These programs, for simplicity, 
assume only reception of information and supervisory 
frames. It is also assumed that the frames are received 
and transmitted in order. All stations use very similar 
transmit and receive routines. This code is written for 
standard SDLC frames (see Figure 7). 


The primary station, in Flexible mode, transmits a long 
frame (for this example, 255 I-bytes), polls one of the 


secondary stations, and acknowledges a previously re- 
ceived frame simultaneously (see Figure 17). Both sec- 
ondary stations, in Auto mode, detect the transmitted 
frame and check its address byte. One of the secondary 
stations receives the frame, stores the Information bytes 
in an external RAM butTer, and transmits the same 
data back to the primary. After reception of the frame, 
the primary polls and transmits a long frame to the 
other secondary station which will respond with the 
same long frame. 


The schematic of the secondary station hardware is 
shown in Figure 18. The primary station's hardware is 
similar to the secondary station's hardware. The excep- 
tion is in secondary stations only, where the RTS signal 
is inverted and tied to the interrupt 0 input pin (INTO). 
In the primary station, RTS is tied to CTS. At each 
station, software codes are stored in external EPROM 
(2732A). Static RAM (2Kx8) is used as external trans- 
mit/receive butTer. There is no hardware handshaking 
done between the stations. The serial clock is extracted 
from the data line using the on-chip phase locked loop. 


PRIMARY 
STATION 


SECONDARY 
SECONDARY 
STATION 
STATION 


292019-19 


Figure 17. Polling Sequence 
Between 
the Primary and Secondary 
Stations 
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AOO-7 
1 .,,~ 
8044 
AO-7 
At.49128 
8282 
DO 
DO 
1 
AD 
8 
9 
DO 
18 
39 
19 
AD 
AD 
00 
- 
X2 
ADO 
010 
000 
Al 
7 
10 
01 
19 
38 
01 
01 
2 
18 
Al 
Al 
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Xl 
AOI 
011 
001 
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02 
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02 
02 
3 
17 
A2 
A2 
02 
A02 
012 
002 
A3 
5 
13 
03 
9 
36 
03 
03 
4 
16 
A3 
A3 
03 
RST 
A03 
013 
003 
A4 
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04 
14 
04 
- 
35 
04 
04 
5 
15 
A4 
A4 
- 
A04 
014 
004 
AS 
3 
15 
05 
N/C 
- 
CTS 
34 
05 
05 
6 
14 
AS 
AS 
05 
ADS 
015 
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A6 
2 
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06 
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06 
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1 
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07 
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A7 
A7 
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L::n 
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12 - 
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16 
21 
WE 
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•......•• 
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17 
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OE 
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TO 
RO 
29 


~ 
cr 
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I 
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PSEN 
11 
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A8 
22 
A9 
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A9 
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24 
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A08-11· 
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9 
DO 
All 
AD 
00 
Al 
7 
10 
01 
Al 
01 
A2 
6 
11 
02 
A2 
02 
A3 
5 
13 
03 
A3 
03 
A4 
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14 
04 
A4 
04 
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15 
05 
AS 
05 
A6 
2 
16 
06 
A6 
06 
A7 
1 
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A7 
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A8 
22 
A8 
A9 
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All 
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cr 
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During initialization (see Figure 19), the 8044 is set to 
Flexible mode, internally clocked at 375 Kbps, and 
configured to handle standard SDLC frames. The on- 
chip receive and transmit buffer starting addresses and 
lengths are selected. The external transmit buffer is 
chosen from physical location 200H to location 2FFH 
(255 bytes). The external transmit 
buffer (external 


RAM) is loaded with data (FFH, FEH, FDH, FCH, 
... 
DOH). Timer 0 is put in counter mode and set to 


priority I. The counter register (TLO) is loaded such 
that interrupt occurs after 8 transitions on the data line. 
The Pre-Frame Sync option (setting bit 2 of the SMD 
register) is selected to guarantee at least 16 transitions 
before the opening flag of a frame. 


Main Program 


Figure 19. Primary Station 
Flow Charts 


The station address register (STAD) is loaded with ad- 
dress of one of the secondary stations. The RTS, TBF, 
and RBE bits of the STS register are simultaneously set 
and a call to the transmit routine follows. The transmit 
routine transmits the contents of the external transmit 
buffer. At the end of transmission, RTS and TBF are 
cleared by the SID, and SID interrupt occurs. In Flex- 
ible mode, SID interrupt occurs after every transmis- 
sion or reception of a frame. 


In the SID interrupt service routine (see Figure 20), SI 
is cleared and the RBE bit is checked. If RBE is set, a 
long frame has been transmitted. The first time through 
the SID interrupt service routine, the RBE test indi- 
cates a long frame has been transmitted to one of the 
secondary stations. Therefore, the Counter is initialized 


SIU Interrupt 


Figure 20. Primary Station 
Flow Charts 


inter 


and turned on. The program returns from the interrupt 
routine before a frame appears on the communication 
channel. 


When a frame appears on the communication 
line, 


counter interrupt occurs and the receive routine is exe- 
cuted to move the incoming bytes into the external 
RAM. After reception of the frame and return from the 
receive routine, SIU interrupt occurs again. 


In the SIU interrupt routine, RBE is checked. Since the 
RBE bit is clear, a frame has been received. Therefore, 
the appropriate NS and NR counters are incremented 
and loaded into the TCB register (two pairs of internal 
RAM bytes keep track of NS and NR counts for the 
two secondary stations). Transmission of a frame to the 
next secondary station is enabled by setting the RTS 
and the TBF bits. The chip is also put in receive mode 
(RBE set), and a call to transmit routine is made. After 
transmission, SIU interrupt occurs again, and the pro- 
cess continues. 


Both secondary stations have identical software (Ap- 
pendix B). The only differences are the station address- 
es. Contents of the STAD register are 55H for one sta- 
tion and 44H for the other. 


Main Program 


Figure 21. Secondary 
Station 
Flow Charts 


During initialization, the chip is set to Auto mode, 
standard 
SDLC 
frame, 
and 
internally 
clocked 
at 


375 Kbps (see Figure 21). Internal 
buffer registers: 


RBS, RBL, TBS, and TBL are initialized. The RBE bit 
is set and the counter 0 is turned on. 


The secondary is configured to transmit an Information 
frame every time it is polled. The RTS pin is inverted 
and tied to INTI pin. External interrupt 
I is enabled 


and set to interrupt on low to high transition of the 
RTS signal. This will cause an interrupt (EXI set) after 
a frame is transmitted. In the interrupt routine the CTS 
pin is cleared to prevent any automatic response from 
the secondary. If the CTS pin were not disabled, the 
secondary station would respond with a supervisory 
frame (RNR) since the TBF is set to zero by the SIU 
due to the acknowledge. In the SIU interrupt routine, 
the CTS pin is cleared after the TBF bit is set. If this 
option is not used, the primary should acknowledge the 
previously received frame and poll for the next frame in 
two separate transmissions. 


When a frame is received, counter 0 interrupt occurs 
and the receive routine is executed (see Figure 22). If 
the incoming frame is addressed to the station, the in- 
formation bytes are stored in external RAM; Other- 
wise, the program returns from the receive routine to 
perform other tasks. At the end of the frame, SIU inter- 
rupt occurs. In Auto mode, SIU interrupt occurs when- 
ever an Information frame or a supervisory frame is 
received. Transmission will not cause an interrupt. In 
the SIU interrupt service routine, the AM bit of the 
STS is checked. 


If AM bit is set, the interrupt is due to a frame whose 
address did not match with the address of the station. 
In this case, NFCS, AM, and the BOY bits are cleared, 
the RBE bit is set, the counter 0 is initialized and 
turned on, and program returns from the interrupt rou- 
tine. 


If AM bit is not set, a valid frame has been received and 
stored in the external RAM. TBF bit is set, CTS pin is 
activated, counter 0 is disabled and a call to transmit 
routine is made which transmits the contents of exter- 
nal transmit buffer. This frame also acknowledges the 
reception of the previously received frame (NS and NR 
are automatically incremented). Upon return from the 
transmit routine RBE is set and counter 0 is turned on, 
thereby putting the chip in the receive mode for anoth- 
er round of data exchange with the primary. 


Note that, if the second station is in receive mode, and 
the counter is enabled and turned on, the CPU will be 
interrupted each time a frame is on the communication 
channel. If the frame is not addressed to the secondary 
station, the chip enters the receive routine, executes 
only a few lines of code (address comparison) and re- 
turns to perform other tasks. This interrupt will not 
occupy the CPU for more than two data byte periods 
(43 microseconds at 375 Kbps). At the end of the 
frame, the BOY bit is set by the SIU, and the SIU 
interrupt occurs. In the SIU interrupt service routine, 


SIU Interrupt 


Figure 22. Secondary 
Station Flow Charts 


the RBE bit is set and the counter is turned on which 
put the chip back in the receive mode. 


Assembly code for the receive interrupt routine can be 
found in both primary and secondary software (Appen- 
dix B). The receive interrupt routine of the primary 
station is very similar to that of the primary station in 
example I. In the following two sections the receive and 
transmit 
routine of the secondary 
stations are dis- 


cussed. 


In the receive interrupt service routine (see Figure 23), 
counter a is turned off, important registers are saved, 
receive buffer starting address and receive buffer length 
of the external RAM are set (do not confuse the exter- 
nal RAM settings with that of the internal RAM buff- 
er.) 


After reception of an opening flag, the byte processor 
jumps to the ADDRESS state and waits until the bit 
processor proc~sses and moves the receiving address 
byte to SR. Then, the byte processor is triggered to 
execute the state. In the secondary stations, the CPU 
monitors the SIUST register for the ADDRESS state 
(SIUST 
= 
a8H). 
When 
the 
ADDRESS 
state 
is 


reached, the byte processor is moved to the next state 
(CONTROL 
state), 
and 
the 
ADDRESS 
state 
is 


skipped. Therefore, when the address byte is moved to 
SR, the byte processor executes the CONTROL state 
rather than the ADDRESS state and then jumps to the 
PUSH-l state. The execution of the CONTROL state 
causes the contents of SR (the received address byte) to 
be loaded into the RCB register. 


The CPU checks the contents of RCB with the contents 
of the STAD (Station Address) register. If they match, 
the receive routine continues to store the received In- 
formation bytes in the external RAM buffer; Other- 
wise, the byte processor is moved to the very last state 
(BOY-LOOP), and the program returns from the rou- 
tine to perform other tasks. The byte processor executes 
the BOY-LOOP state in each byte boundary until the 
closing flag of the frame is reached. It then sets the 
BOY bit and interrupts the CPU (serial interrupt SI 
set). In the serial interrupt 
routine the counter a is 


turned back on, and the station is reset back to the 
receive mode (RBE set). 


In Normal operation, in the ADDRESS state, the re- 
ceived address byte is automatically compared with the 
station address. If they match, the byte processor exe- 
cutes the remaining states; otherwise, the byte proces- 
sor goes into the idle mode (SIUST = alH) and waits 
for the opening flag of the next frame. In the expanded 
operation, this state is skipped to avoid idle mode. If 
the byte processor went into the idle mode, clocks 
which run the byte processor would be turned off, and 
the byte processor can not be moved to any other states 
by the CPU. When the byte processor is in idle mode, 
counter a can not be turned on immediately because 
counter interrupt occurs on the same frame, and pro- 
gram returns to the receive routine and stays there. 


If the address byte matches the station address, the byte 
processor is moved to the CONTROL state again. This 
time, after execution of the CONTROL state the con- 
tents of RCB are the received control byte. 


CPU investigates the type of received frame by check- 
ing the received control byte. If the receiving frame is 
not an information frame (Le. Supervisory frame), exe- 
cution of receive routine will be terminated to free the 
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CPU. In Auto mode, the SIU checks the control byte 
and responds automatically in response to the supervi- 
sory frame. 


After the control byte is received, it is saved in the 
stack. The byte processor is moved to the CONTROL 
state so that the next incoming byte will also be loaded 
into the RCB register. The byte processor remains in 
CONTROL state until a byte is processed by the bit 
processor and moved to SR. The byte processor is then 
triggered to move the contents of SR to the RCB regis- 
ter. The CPU monitors SIUST and waits until the first 
Information byte is loaded into the RCB register. 


When byte processor reaches the PUSH-l state (SIUST 
= 18H), RCB contains the first Information byte. The 
byte is moved to external RAM (receive butTer), and 
the byte processor is moved back to the CONTROL 
state. The process continues until all of the Information 
bytes are received. When all the Information bytes are 
received, the program returns from the routine. The 
byte processor automatically goes through the remain- 
ing states, updates the STS register, and interrupts the 
CPU as it would in Normal operation. 


The transmit subroutine codes can be found in the pri- 
mary and the secondary software (Appendix B). The 
transmit subroutines of the Primary and secondary sta- 
tions are identical. A call to transmit routine is made 
when the RTS and TBF bits of the STS register are set. 
In Auto mode, RTS is set automatically upon reception 
of a poll-frame (poll bit of the control byte is set). 


In the transmit routine (see Figure 15), the starting ad- 
dress and the transmit butTer length of the external 
butTerare set. Then the CPU monitors the SIUST regis- 
ter for CONTROL 
state (SIUST 
= A8H). In the 
CONTROL state the bit processor transmits the con- 
trol byte, while the byte processor goes into the standby 
mode after it has moved the contents of a location in 
the internal RAM addressed by the contents of Trans- 
mit ButTerStart (TBS) register to the RB register. 


While the control byte is being transmitted and the byte 
processor is in standby, the CPU moves an Information 


byte from external RAM to the internal RAM location 
addressed by TBS. The byte processor is then moved to 
CONTROL state. This will cause the byte processor, in 
the next byte boundary, to move the contents of the 
same location in the internal RAM to the RB register 
(see transmit state diagram.) 


When this byte is being transmitted, the byte processor 
jumps to the DMA-LOOP state (SIUST = BOH) and 
waits. When the DMA-LOOP 
state is reached (CPU 


monitors SIUST for BOH), the CPU loads the next In- 
formation byte into the same location in the internal 
RAM and moves the byte processor to the CONTROL 
state before it gets to execute the DMA-LOOP state. 
Note that the same location in the internal RAM is 
used to transmit the subsequent Information bytes. 


When all the Information 
bytes from the external 


RAM are transmitted, the byte processor is free to go 
through the remaining states so that it will transmit the 
FCS bytes and the closing flag. 


The RUPI, with addition of only a few bytes of code, 
can accept and transmit large frames with some com- 
promise in the maximum data rate. It can be used in 
Auto or Flexible mode, with external or internal clock- 
ing, automatic CRC checking, and zero bit insertion/ 
deletion. In addition, almost all of the internal RAM is 
available to be used as general purpose registers, or in 
conjunction with the external RAM as transmit and 
receive butTers. 


All in all, this feature opens up new areas of applica- 
tions for this device. Besides transmitting/receiving 
long frames, it may now be possible to perform arith- 
metic operations or bit manipulation (e.g. data scram- 
bling) while transmission or reception is taking place, 
resulting in high throughput. Transmission of continu- 
ous flags and transmission with no zero insertion are 
also possible. 


In addition to unlimited frame size, an on-chip control- 
ler, automatic SDLC responses, full support of SDLC 
protocol, 192 bytes of internal RAM, and the highest 
data rate in self clocked mode compared to other chips 
make this product very attractive. 
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APPENDIX 
A 
LISTING OF SOFTWARE 
MODULES 


FOR APPLICATION 
EXAMPLE 
1 


$DEBUG 
NOKOD51 
$INCLUDE 
(REG44.PDF) 


ASSEMBLY 
CODE 
FOR 
PRIMARY 
STATION 
(POINT 
TO POINT) 
FLEXIBLE 
KODE; 
FCS OPTION 


ORG 
SJlIP 
ORG 
JKp 
ORG 
SJKP 


OOH 
INIT 
OBH 
REC 
23H 
SIINT 


LOCATIONS 
00 THRU 
26H ARE 
USED 
BY INTERRUPT 
SERVICE 
ROUTINES. 
VECTOR 
ADDRESS 
FOR TlMERO 
INT. 


ORG 
KOV 
KOV 
KOV 
KOV 
KOV 
KOV 
KOV 
SJKP 


26H 
SKO,IOOOOOllOB 
TBS,120H 
TBL,IOIH 
20H,155H 
TKOD,IOOOOOIllB 
IE,fl0010010B 
STS,flllOOOOOB 
DOT 


EXT CLOCK; 
PFS=NlPl 
INT TRANSKIT 
BUFFER 
START 
INT TRANSKIT 
BUFFER 
LENGTH 
STATION 
ADDRESS 
COUNTER 
FUNCTION; 
KODE 
EA=l; 
SI-l; 
ETO-l 
TRANSMIT 
A FRAME 
WAIT 
FOR AN INTERRUPT 


; SIU TRANSMITS 
THE 
PFS BYTES, 
THE OPENNING 
FLAG, 
THE CONTENTS 
OF LOCATION 
20H, 
THE 
CALCULATED 
FCS-BYTES, 
AND THE 
CLOSING 
FLAG. 
AT THE END OF TRANSKISSION, 
SIU 
INTERRUPT 
OCCURS. 


SIINT: 
CLR 
JNB 
KOV 
MOV 
MOV 
SETB 
RETI 


I WHEN 
A FRAME 
APPEARS 
ON 
INTERRUPT 
OCCURS. 
AFTER 


I INTERRUPT 
OCCURS. 


SI 
RBE,RECVED 
TLO,IOF8H 
DPTR,1200H 
R5,IOFFH 
TRO 


TRANSMITTED 
A FRAME 
? 
YES, 
INITIALIZE 
COUNTER 
REGISTER 
EXT RAM RECEIVE 
BUFFER 
START 
EXT RAM 
RECEIVE 
BUFFER 
LENGTH 
TURN 
ON COUNTER 
0 
I RETURN 
THE 
SERIAL 
CHANNEL, 
COUNTER 
(RECEIVE) 
SERVICING 
THE 
INTERRUPT 
ROUTINE, 
SIU 


REC: 
CLR 
TRO 
DISABLE 
THE 
COUNTER 
0 INTERRUPT 
MOV 
A, fl8H 
PUSH-l 
STATE 
WAIT1: 
CJHE 
A,SIUST,WAITl 
NEXTI: 
MOV 
SIUST,IOEFH 
MOVE 
BYP TO CONTROL 
STATE 
KOV 
A,U8H 
PUSH-l 
STATE 
WAIT2: 
CJHE 
A,SIUST,WAIT2 
MOV 
A,Res 
KOVE 
RECEIVED 
BYTE 
INTO 
ACC. 


MOVX 
@DPTR,A 
KOVE 
DATA 
TO EXT. 
RAM 
INC 
DPTR 
INCREMENT 
POINTER 
TO EXT RAM 
OJNZ 
R5,NEXTI 
LAST 
BYTE 
RECEIVED? 
RETI 
YES, 
RETURN 
END 


$DEBUG 
NOMOD51 
$INCLUDE 
(REG44.PDF) 


ASSEMBLY 
CODE 
FOR 
SECONDARY 
STATION 
(POINT 
TO 
POINT) 


FLEXIBLE 
MODE; 
FCS 
OPTION 


ORG 
OOH 
SJMP 
INIT 
ORG 
23H 
SJIIP 
SIINT 


ORG 
INIT: 
MOV 
MOV 
LDRAM: 
MOV 
MOVX 
INC 
DJNZ 


26H 
DPTR,f200H 
R3, 
fOFFH 
A,R3 
@DPTR,A 
DPTR 
R3,LDRAM 


MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
SJMP 


SMD,fOOOOOllOB 
R1,flOH 
TBS,Rl 
TBL,f01H 
RBS,f20H 
RBL, 
f01H 
STAD,f55H 
TCON,fOOH 
IE,fl0010000B 
IP,fOFFH 
STS,f01000000B 
DOT 


EXT 
CLOCK; 
PFS-N~l 


INT 
RAM XMIT 
BUFFER 
START 
INT 
RAM XMIT 
BUFFER 
LENGTH 


: 
INT 
RAM RECEIVE 
BUFFER 
START 
INT 
RAM RECEIVE 
BUFFER 
LENGTH 
STAD 
ADDRESS-55H 
RESET 
TCON 
REGISTER 
ENABLE 
SI 
INT. 
:EA-1 
ALL 
INTERRUPTS: 
PRIORITY 
1 
RBE-1, 
RECEIVE 
A 
FRAME. 


WAIT 
FOR 
AN 
INTERRUPT 


: 
SIU 
INTERRUPT 
OCCURS 
AT 
THE 
END 
OF 
A RECEIVED 
FRAME 
OR 


: 
A TRANSMITTED 
FRAME. 
1***** •••••• ***. 
SE~AL 
CHANNEL 
INTERRUPT 
ROUTINE 
******** 
•••• 


SIINT: 
CLR 
SI 
JB 
RBE, RETRN 
MOV 
A,STAD 
CJNE 
A.,20H,NMACH 
ACALL 
TRAN 


RECEIVED 
A 
FRAME? 


YES 
STATION 
ADDRESS 
MATCHED? 


YES, 
CALL 
TRANSMIT 
SUBROUTINE 


TRANSMIT 
SUBROUTINE 
IS 
CALLED 
TO TRANSMIT 
A LONG 
FRAME. 


AFTER 
TRANSMISSION, 
SI 
IS 
SET. 
SIU 
INTERRRUPT 
IS 
SERVICED 


AFTER 
THE 
CURRENT 
ROUTINE 
(SIINT) 
IS 
COMPLETED. 


TRAN: 
MOV 
MOV 
SETB 
SETB 
LOOP: 
MOVX 
MOV 
MOV 
WAIT1: 
CJNE 
INC 
DJNZ 
MOVX 
MOV 
MOV 


RET 
NEXTI: 
MOV 
JIIP 


DPTR,f200H 
R5,fOFFH 
TBF 
RTS 
A,@DPTR 
@R1,A 
A,fOBOH 
A,SIUST,WAIT1 
DPTR 
R5,NEXTI 
A,@DPTR 
@R1,A 
SIUST, 
f57H 


EXT 
RAM RECEIVE 
BUFFER 
START 
EXT 
RAM RECEIVE 
BUFFER 
LENGTH 
SET 
TRANSMIT 
BUFFER 
FULL 
ENABLE 
XMISSION 
OF 
AN 
I-FRAME 


MOVE THE 
1ST 
I-BYTE 
INTO 
ACC. 
THEN, 
MOVE TO 
INT. 
RAM @ (TBS) 
DMA-LOOP 
STATE 
WAIT 
FOR 
XMISSION 
OF 
AN 
I-FRAME 
INCREMENT 
POINTER 
TO 
EXT. 
RAM 
ALL 
BYTES 
XMITTED? 


YES, 
EXCEPT 
THE 
LAST 
BYTE. 
MOVE DATA 
INTO 
INT. 
RAM @ (TBS) 
MOVE BYP 
TO 
CONTROL 
STATE 
THE 
SIU 
TRANSMITS 
THE 
FCS-BYTES 
AND THE 
CLOSING 
FLAG. 
RETURN 
MOVE BYP 
TO 
CONTROL 
STATE 
(ASH). 
TRANSMIT 
THE 
NEXT 
BYTE 


APPENDIX 
B 


LISTING OF SOFTWARE 
MODULES 


FOR APPLICATION 
EXAMPLE 2 


$DEBUG NOMODSI 
$INCLUDE (REG44.PDF) 


ASSEMBLY CODE FOR PRIMARY STATION 
(MULTIPOINT) 


I FLEXIBLE MODEl FCS OPTION 


ORG 
SJMP 
ORG 
JMP 
ORG 
SJMP 


OOH 
INIT 
OBH 
REC 
23H 
SIINT 


LOCATIONS 00 THRU 26H ARE USED 
BY INTERRUPT SERVICE ROUTINES. 
VECTOR ADDRESS FOR TlMERO INT. 


VECTOR ADDRESS FOR SIU INT. 


ORG 
26H 
INIT: 
MOV 
DPTR,t200H 
I EXT RAM XMIT BUFFER START 


MOV 
R3,tOFFH 
EXT RAM XMIT BUFFER LENGHT 


LORAM: MOV 
A,R3 
MOVX 
@DPTR,A 
LOAD BUFFER WITH FFH,FEH, •••OO 


INC 
DPTR 
I INCREMENT POINTER 


DJNZ 
R3 ,LORAM 
;** •••• **** **** ******* 
INITIALIZATION 
*••• ** •• ***.* ••******** 


MOV 
RO,tOBFH 
PUT 
ZEROS INTO INT. RAM 
LOOP: 
MOV 
A,tOOH 
FROM BFH TO 40H. 
MOV 
@RO,A 
MOVE o INTO RAM ADDRESSD BY RO 
DEC 
RO 
CJNE 
RO,HOH,LOOP 


MOV 
30H,tOOH 
NS COUNTER FOR STAD-55 
MOV 
31H,tOOH 
NR COUNTER FOR STAD-SS 
MOV 
32H,tOFFH 
NS COUNTER FOR STAD-44 
MOV 
33H,tOFFH 
NR COUNTER FOR STAD244 
MOV 
34H,tOlH 
PONITER TO SECONDARY STATIONS 
MOV 
SMD,tllOlOlOOB 
INT. CLKED @ 375K; NRZI-Il PFS-l 
MOV 
RBS,flOH 
INT. RAM RECEIVE BUFFER STAR~lOH 
MOV 
RBL,tOOH 
; INT. RAM RECEIVE BUFFER LENGTH20 
MOV 
Rl,120H 
INT. RAM XMIT BUFFER START-20H 
MOV 
TBS,Rl 
MOV 
TBL,tOlH 
INT. RAM XMIT BUFFER LENGTH-l 
MOV 
NSNR,tOOH 
NS2NR-0 


MOV 
TMOD,tOOOOOlllB 
COUNTER FUNCTION, MODE 3 
MOV 
TCON,tOOH 
MOV 
IE,flOOlOOlOB 
EA-ll SI-Il ETO-l 
MOV 
IP,tOOOOOOlOB 
TIMER 0 INT. PRIORITY 1 
MOV 
TCB,tOOOlOOOOB 
I-FRAME W/POLL 


MOV 
STAD,tS5H 
ADDRESS BYTE-SSH 
MOV 
STS,tlllOOOOOB 
RBE-TBF2RTS-l 


SIINT: 
CLR 
SI 
CLEAR 
SI 


JB 
RBE,RETURN 
RECEIVED 
A 
FRAIIE 
? 


MOV 
A,RCB 
YES, 
LOAD ACC WITH 
REC 
CNTRL 
BYTE 


JB 
ACC.O,GETI 
IS 
IT 
AN I-FRAIIE 
? 


MOV 
A, 'OlH 
YES 


CJNE 
A, 34H, 
SKIP 


MOV 
A,30H 
MOVE NS 
INTO 
ACC. 


INC 
A 
INCREMENT 
NS 


ANL 
A"OOOOO111B 
MASK OUT 
THE 
LEAST 
3 
SIG. 
BITS 


MOV 
30H,A 
SAVE 
NS 


MOV 
A,31H 
HOVE 
NR 
INTO 
ACC. 
INC 
A 
INCREMENT 
NR 


ANL 
A, 'OOOOOl11B 
MASK OUT THE 
LEAST 
SIG. 
BITS 


MOV 
31H,A 
SAVE 
NR 


RL 
A 
SHIFT 
4 BITS 
TO 
LEFT 


RL 
A 
RL 
A 
RL 
A 
ORL 
A,30H 
MOVE NS 
COUNT TO ACC. 


RL 
A 
SHIFT 
1 
BIT 
TO 
LEFT 


ORL 
A,'OOO10000B 
SET 
THE 
POLL 
BIT 


MOV 
Tes,A 
MOVE CONTROL 
BYTE 
INTO 
TCB 
REG. 
TeB: 
NR2,NR1,NRO, 
1,KS2,NS1,NSO, 
0 


MOV 
STAD,'55H 
MOV 
34H, 
'OOH 
JHP 
GETI 
292019-34 
SKIP: 
MOV 
A,32H 
MOVE NS 
INTO 
ACC. 


INC 
A 
INCREMENT 
NS 


ANL 
A, 'OOOOOl11B 
MASK OUT THE 
LEAST 
3 
SIG. 
BITS 


MOV 
32H,A 
SAVE 
NS 


MOV 
A,33H 
MOVE NR INTO 
ACC. 


INC 
A 
INCREMENT 
NR 


ANL 
A, ,OOOOOl11B 
MASK OUT THE 
LEAST 
3 SIG. 
BITS 


MOV 
33H,A 
SAVE 
NR 


RL 
A 
SHIFT 
4 BITS 
TO 
LEFT 


RL 
A 
RL 
A 
RL 
A 
ORL 
A,33H 
MOVE NS 
COUNT TO ACC. 


RL 
A 
SHI FT 
1 
BIT 
TO LEFT 
ORL 
A,'OOO10000B 
SET 
THE 
POLL 
BIT 


MOV 
TeStA 
MOVE CONTROL 
BYTE 
INTO 
TCB 
TeB: 
NR2 ,NR1,NRO, 
1,NS2,NS1,NSO,O 


MOV 
STAD,#44H 
MOV 
34H, 
'OlH 
GETI: 
MOV 
STS, 
#l1100000B 
ENABLE 
TRANSMISSION 


ACALL 
TRAN 
CALL 
TRANSMIT 
ROUTINE 


RETI 
RETURN: 
CLR 
EA 
DISABLE 
ALL 
INTERRUPTS 


MOV 
TLO, 'OFBH 
INTERRUPT 
AFTER 
8 
COUNTS 


SETB 
TRO 
TURN 
ON COUNTER 
0 


SETB 
EA 
RETI 
292019-35 


CLR 
MOV 
MOV 
MOV 
CJNE 
PUSH 
MOV 
MOV 
CJNE 
MOV 
MOVX 
INC 
DJNZ 
POP 
RETI 


TRO 
DPTR, 
#400H 
R5, 
'OFFH 
A, #l8H 
A,SIUST,WAITl 
RCB 
SIUST,'OEFH 
A, #l8H 
A, srUST, 
WAIT2 


A,Res 
@DPTR,A 
DPTR 
R5,NEXTI 
RCB 


TURN 
OFF 
COUNTER 
0 
EXT. 
RAM RECEIVE 
BUFFER 
START 
EXT. 
RAM RECEIVE 
BUFFER 
LENGTH 
PUSH-1 
STATE 
WAIT 
FOR THE 
CONTROL 
BYTE 
SAVE 
RECEIVE 
CONTROL 
BYTE 
PUSH 
"BYP" 
INTO 
CONTROL 
STATE (10H) 
• 
PUSH-1 
STATE 
WAIT 
FOR 
AN I - BYTE 
MOVE RECEIVED 
I-BYTE 
INTO 
ACC. 
MOVE DATA TO 
EXT. 
RAM 
INCREMENT 
PTR 
TO 
EXTERNAL 
RAM 
IS 
IT 
THE 
LAST 
I-BYTE? 
YES, 
RESTORE 
THE 
CONTENTS 
OF 
RCB 
RETURN 


MOV 
MOV 
MOV 
CJNE 
MOVX 
MOV 
INC 
DJNZ 
MOV 
RET 
MOV 
MOV 
JHP 


DPTR,'200H 
R5,'OFFH 
A, 'OA8H 
A, srUST, 
WAIT 
A,@DPTR 
@RltA 
DPTR 
R5,NXTI 
SIUST,'57H 


SIUST, 
'57H 
A,'OBOH 
WAIT 


EXT. 
RAM TRANSMIT 
BUFFER 
START 
EXT. 
RAM TRANSMIT 
BUFFER 
LENGTH 
CONTROL 
STATE 
WAIT 
FOR 
CTRL 
BYTE 
XHISSION 
MOVE DATA FROM EXT. 
RAM TO ACC. 
MOVE DATA INTO 
INT. 
RAM @ (TBS) 
INCREMENT 
POINTER 
IS 
IT 
THE 
LAST 
I-BYTE? 
NO. 
XHIT 
THE 
LAST 
I - BYTE 
RETURN. 
KEEP 
"BYP" 
IN 
CONTROL 
STATE (A8H) 
• 


DMA-LOOP 
STATE 
TRANSMIT 
THE 
NEXT 
BYTE 


inter 


$DEBUG 
NOMOD51 
$INCLUDE 
(REG44.PDF) 


ASSEMBLY 
CODE 
FOR SECONDARY 
STATIONS 
(MULTIPOINT) 


AUTO 
MODE; 
FCS OPTION 


ORG 
OOH 
SJHP 
INIT 
ORG 
OBH 
VECTOR 
ADDRESS 
FOR TlMERO 
INT. 
JHP 
REC 
ORG 
13H 
; VECTOR 
ADDRESS 
FOR 
EXT. 
INT. 
1 


JHP 
XINTl 
ORG 
23H 
VECTOR 
ADDRESS 
FOR 
SIU INTERRUPT 


JHP 
SIINT 


ORG 
26H 
INIT: 
MOV 
SHD,tll010100B 
INT. 
CLKED 
• 375K;NRZI-l;PFS-l 


MOV 
STAD,ts5H 
STATION 
ADDRESS; 
STAD-44H 
FOR THE 


; OTHER 
STATION 


MOV 
RBS,tlOH 
INT. RAM RECEIVE 
BUFFER 
START 


MOV 
RBL,tOOH 
; INT. RAM RECEIVE 
BUFFER 
LENGTH 


MOV 
Rl,t20H 
MOV 
TBS,Rl 
INT. 
RAM XHIT 
BUFFER 
START 


MOV 
TBL,t01H 
INT. 
RAM XHIT 
BUFFER 
LENGTH 


MOV 
NSNR,tOOH 
NS-NR-O 


MOV 
TCON,tOOOO0100B 
EXT. 
INT.: 
EDGE 
TRIGGERED 


MOV 
IE,tOO010llOB 
SI-l; 
ETO-l; 
EXO-l 


MOV 
IP,tOOOOO010B 
TIMER 
0: PRIORITY 
1 


MOV 
THOD,tOOOOOllB 
COUNTER 
FUNCTION: 
MODE 


MOV 
STS,t01000010B 
RECEIVE 
I-FRAME. 
MOV 
TLO,tOFSH 
SET 
COUNTER 
TO OVERFLOW 
AFTER 
S COUNTS 


SETB 
TRO 
TURN 
ON COUNTER 


SETB 
EA 
ENABLE 
ALL 
INTERRUPTS 


DOT: 
SJHP 
DOT 
; WAIT 
FOR AN 
INTERRUPT. 


; CPO 
IS INTERRUPTED 
AT THE 
END OF RECEPTION 
(SI SET), 
AND AT" 
I THE 
END OF LONG-FRAME 
TRANSMISSION 
(EXO SET). 
" 


CLR 
JB 
CLR 
MOV 
MOV 
SETB 
SETB 
RETI 


SI 
AM,HOP 
EA 
STS,t01000010B 
TLO, tOFSH 
TRO 
EA 


I 
HOP: 
JB 
TBF,GETI 
SETB 
TBF 
CLR 
Pl.7 
ACALL 
TRAN 
GETI: 
JB 
RBE,RETURN 
CLR 
EA 
SETB 
RBE 
MOV 
TLO, tOFSH 
SETB 
TRO 
SETB 
EA 
RETURN: 
RETI 
;** •••• ** •••••• 
*•• 
TRANSMIT 


MOV 
MOV 
MOV 
CJNE 
MOVX 
MOV 
INC 
OJNZ 
MOV 
RET 
!lOV 
MOV 
JHP 


DPTR,t200H 
R5,tOFFH 
A,tOASH 
A,SIUST,WAIT 
A,'DPTR 
'Rl,A 
DPTR 
R5,NXTI 
SIUST, t57H 


SIUST,t57H 
A,tOBOH 
WAIT 


ADDRESS 
HATCHED? 


DISABLE 
ALL 
INTERRUPTS 
RBE-l; 
NB-l 


TURN 
ON COUNTER 
0 
ENABLE 
ALL 
INTERRUPTS 
RETURN. 


A FRAME 
TRANSMITTED? 
ENABLE 
TRANSMISSION 
OF 
I-FRAME 


; ENABLE 
CTS 
PIN 
CALL 
TRANSMIT 
ROUTINE 
A FRAME 
RECEIVED? 
DISABLE 
ALL 
INTERRUPTS 
PUT RUPI 
IN RECEIVE 
MODE 


TURN 
ON COUNTER 
0 


; ENABLE 
ALL 
INTERRUPTS 
RETURN. 


SUBROUTINE 
*.*************.* 
•••••• 


EXT. 
RAM 
TRANSMIT 
BUFFER 
START 


EXT. 
RAM 
TRANSMIT 
BUFFER 
LENGTH 
CONTROL 
STATE 
WAIT 
FOR CONTROL 
BYTE TRANSMISSION 
MOVE 
DATA 
FROM 
EXT. RAM TO ACC. 
MOVE 
DATA 
INTO 
INT. RAM AT 
.TBS 
INCREMENT 
POINTER 
IS IT THE 
LAST 
I-BYTE 
? 
XHIT 
THE 
LAST 
I-BYTE 
RETURN. 
KEEP 
"BYP" 
IN CONTROL 
STATE 
DHA-LOOP 
STATE 
TRANSMIT 
THE 
NEXT 
BYTE 


inter 


CLR 
MOV 
MOV 
MOV 
CJNE 
MOV 


TRO 
DPTR, HOOH 
RS.fOFFH 
A, f08H 
A,SIUST,HOLO 
SIUST,fOEFH 


TURN 
OFF 
COUNTER 
0 
EXT. 
RAM 
RECEIVE 
BUFFER 
START 
EXT. 
RAM 
RECEIVE 
BUFFER 
LENGTH 
ADDRESS 
STATE 
WAIT 
FOR ADDRESS 
BYTE 
MOVE 
"BYP" 
INTO 
CONTROL 
STATE 
SKIP 
THE ADDRESS 
STATE 
PUSH-l 
STATE 
WAIT 
FOR THE 
ADDRESS 
BYTE 
MOVE 
THE 
RECEIVED 
ADDRESS 
BYTE 
TO ACC. 
ADDRESS 
MATCHED? 
YES. 
MOVE 
INFO. 
CONTROL 
BYTE 
TO RCB 
MOVE 
"BYP" 
INTO 
BOV-LOOP 
STATE 
RETURN 


MOVE 
"BYP" 
INTO 
CONTROL 
STATE 
PUSH-l 
STATE 
WAIT 
FOR 
THE 
CONTROL 
BYTE 
MOVE 
RECEIVE 
CONTROL 
BYTE 
INTO 
ACC. 


IF NOT 
AN 
I-FRAME 
RETURN 
SAVE 
RECEIVE 
CONTROL 
BYTE 
PUSH 
"BYP" 
INTO 
CONTROL 
STATE (lOH) . 
PUSH-l 
STATE 


WAIT 
FOR AN 
I-BYTE 
MOVE 
RECEIVED 
I-BYTE 
INTO 
ACC. 


MOVE 
DATA 
TO 
EXT. 
RAM 
INCREMENT 
PTR 
TO EXTERNAL 
RAM 
IS 
IT THE 
LAST 
I-BYTE? 
YES. 
RESTORE 
THE 
CONTENTS 
OF RCB 
RETURN 


MOV 
CJNE 
MOV 
CJNE 
SJMP 
MOV 
MOV 
RETI 


A, fl8H 
A,SIUST.WAITl 
A,ReD 
A,STAD,WAIT2 
WAITJ 
RCB,f00010000B 
SIUST. 'OCFH 


MOV 
MOV 
CJNE 
MOV 
JB 
PUSH 
MOV 
MOV 
CJNE 
MOV 
MOVX 
INC 
DJNZ 
POP 
RETI 


SIUST.fOEFH 
A, fl8H 
A, SIUST, WAIT4 
A,Res 
ACC.O,RTRN 
RCB 
SIUST,fOEFH 
A, fl8H 
A,SIUST,WAIT5 
A,ReD 
@DPTR,A 
DPTR 
RS,NEXTI 
ReB 
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SUMMARY 
The 8044 offers a lower cost and higher performance 
solution to networking microcontrollers than conven- 
tional 
solutions. 
The system cost is lowered by 


integrating an entire microcomputer with an intelligent 
HDLC/SDLC communication processor onto a single 
chip. l'he higher performance is realized by integrating 
two processors running concurrently on one chip; the 
powerful 80S 1 microcontroller and the Serial Inter- 
face Unit. The 80S I microcontroller is substantially 
off-loaded 
from the communication 
tasks when 


using the AUTO mode. In the AUTO mode the SIU 
handles many of the data link functions in hardware. 
The advantages of the AUTO mode are: less software 
is required to implement a secondary station data link, 
the 80S I CPU is offloaded, and the turn-around time 
is reduced, thus increasing the network throughput. 
Currently the 8044 is the only microcontroller with 
a sophisticated communications processor on-chip. In 
the future there willbe more microcontrollers available 
following this trend. 


INTRODUCTION 
Today 
microcontrollers 
are being designed into 


virtually every type of equipment. For the household, 
they are turning up in refrigerators, 
thermostats, 
burglar alarms, sprinklers, and even water softeners. 
At work they are found in laboratory instruments, 
copiers, elevators, hospital equipment, and telephones. 
In addition, a lot of microcomputer equipment con- 
tains more than one microcontroller. 
Applications 


using multiple microcontrollers as well, as the office 
and home, are now faced with the same requirements 
that laboratory instruments were faced with 12years 
ago - 
they need to connect them together and have 


them communicate. This need was satisfied in the 
laboratory 
with the 
IEEE-488 General 
Purpose 


Instrumentation 
Bus (GPIB). However, GPIB does 


not meet the current design objectives for network- 
ing microcontrollers. 


Today there are many communications schemes and 
protocols available; some of the popular ones are 
GPIB, Async, HDLC/SDLC, and Ethernet. Common 
design objectives of today's networks are: low cost, 
reliable, efficient throughput, 
and expandable. 
In 


examining available solutions, GPIB does not meet 
these design objectives; first, the cable is too expen- 
sive (parallel communications), second, it can only be 
used over a limited distance (20 meters), and third, 
it can only handle a limited number of stations. For 
general 
networking, 
serial 
communications 
is 


preferable because of lower cable costs and higher 
reliability (fewer connections). While Ethernet pro- 
vides very high performance, it is more of a system 
backbone rather than a microcontroller interconnect. 
Async, on the other hand, is inexpensive but it is not 
an efficient protocol for data block or file transfers. 
Even with some new modifications such as a 9 bit pro- 
tocol for addressing, important 
functions such as 


acknowledgements, error checking/recovery, and data 
transparency are not standardized nor supported by 
available data comm chips. 


SDLC, Synchronous Data Link Control, meets the 
requirements for communications link design. The 
physical medium can be used on two or four wire 
twisted pair with inexpensivetransceivers and connec- 
tors. It can also be interfaced through modems, which 
allows it to be used on broadband networks, leased 
or switched telephone lines. VLSI controllers have 
been available from a number of vendors for years; 
higher performance and more user friendly SDLC con- 
trollers continue to appear. 
SDLC has also been 


designed to be very reliable. A 16 bit CRC checks the 
integrity of the received data, while frame number- 
ing and acknowledgements are also built in. Using 
SDLC, up to 2S4 stations can be uniquely addressed, 
while HDLC addressing is unlimited. If an RS-422 
only requires a single +S volt power supply. 


What will the end user pay for the added value pro- 
vided by communications? 
The cost of the com- 


munications hardware is not the only additional cost. 
There will be performance degradation in the main 
application 
because the microcontroller 
now has 


additional tasks to perform. There are two extremes 
to the cost of adding communication capability. One 
could spend very little by adding an I/O port and have 
the CPU handle everything from the baud rate to the 
protocol. Of course the main application would be 
idle whilethe CPU was communicating. The other ex- 
treme would be to add another microcontroller to 
the 
system 
dedicated 
to 
communications. 
This 


communications processor could interface to the main 
CPU through a high speed parallel link or dual port 
RAM. This approach would maintain system per- 
formance, but it would be costly. 


Adding HDLC/SDLC 
Networking 
Capability 


Figure I shows a microcomputer system", ith a con- 
ventional HDLe, SOLC communications solution. 
The additional hardware needed to realize the con- 
ventional design is:an HOLC SOLC communication 
chip. additional ROM for the communication software. 
part of an interrupt controller. a baud rate generator. a 
phase locked loop. 
:-.IRZIencoded decoder. and a 
cable driver locked loop are used ",hen the transmitter 
does not send the clock on a separate linefrom the data 
(i.e. over telephone lines. or two wirecable). the :'IIRZI 
encoder decoder is used in HOLC SOLC to combine 
the clock into the data line. A phase locked loop isused 
to recover the clock from the data line. 


The majority of tire available communication chips 
provide a limited number of data link control func- 
tions. Most of them will handle Zero Bit Inser- 
tion/Deletion 
(ZBIID), 
Flags, Aborts, Automatic 
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address recognition, and CRC generation and check- 
ing. 
It 
is the 
CPU's 
responsibility 
fo manage 


link access, command 
recognition 
and response, 
acknowledgements and error recovery. Handling these 
tasks can take a lot of CPU time. In addition, servic- 
ing the transmission and reception of data bytes can 
also be very time consuming depending on the method 
used. 


Using a DMA controller 
can increase the overall system 


performance. 
since it can transfer 
a block of data 
in 


fewer clock cycles than a CPU. 
In addition. 
the CPU 
and the DMA 
controller 
can multiplex 
their access to 
the bus so that both can be running at virtually the same 
time. However. both the DMA controller 
and the CPU 
are sharing 
the same bus. therefore. 
neither one get to 
utlize 
100(;; of the bus bandwidth. 
Microcontrollers 
available 
today do not support 
DMA. 
therefore. 
they 
would 
have 
to 
use 
interrupts. 
since 
polling 
is 
unacceptable 
in a multitasking 
environment. 


In an interrupt driven, the CPU has overhead in ad- 
dition to servicing the interrupt. During each inter- 
rupt request the CPU has to save all of the important 
registers, 
transfer 
a byte, 
update 
pointers 
and 


counters, then restore all of its registers. At low bit 
rates this overhead may be insignificant. However, the 
percentage of overhead increases linearly with the bit 
rate. At high bit rates this overhead would consume 
all of the CPU's time. There is another nuisance fac- 
tor associated with interrupt driven systems, interrupt 
latency. Too much interrupt latency will cause data 
to be lost from underrun and overrun errors. 


The additional hardware necessary to implement the 
communications solution, as shown in Figure I, would 


require I LSI chip and about 10TTL chips. The cost 
of CPU throughput degradation can be even greater. 
The percentage of time the CPU has to spend servic- 
ing the communication tasks can be anywhere from 
10-100070,depending on the serial bit rate. These high 
costs will prevent consumer acceptance of network- 
ing microcomputer equipment. 


A Highly 
Integrated, 
High Performance 
Solution 


The 8044 reduces the cost of networking 
micro- 


controllers without compromising performance. 
It 


contains all of the hardware components necessary to 
implement a microcomputer system with communica- 
tions capability, plus it reduces the CPU and software 
overhead of implementing HOLC/SOLC. 
Figure 2 


shows a functional block diagram of the 8044. 


The 8044integrates the powerful 80S I microcontroller 
with an intelligent Serial Interface Unit to provide a 
single chip solution which efficiently implements a 
distributed processing or distributed control system. 
The microcontroller is a self sufficient unit contain- 
ing ROM, RAM, ALU and its own peripherals. The 
8044's architecture and instruction set are identical to 
the 80SI's. 
The Serial Interface Unit (SIU) uses 


bit synchronous HOLC/SOLC protocol and can com· 
municate at bit rates up to 2.4 Mbps, externally 
clocked, or up to 37S Kbps using the on-chip digital 
phase locked loop. The SIU contains its own pro- 
cessor, which operates concurrently with the micro- 
controller. 


The CPU and the SIU, in the 8044, interface through 
192 bytes of dual pon RAM. There is no hardware 
arbitration in the dual pon RAM. Both processor's 
memory access cycles are interlaced; each processor 
has access every other clock cycle. Therefore, there 
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8051 
MICRO- 
CONTROLLER 


DMA 
CONTROLLER 
L 
_ 


is no throughput loss in either processor as a result 
of the dual port RAM, and execution times are deter- 
ministic. Since this has always been the method for 
memory access on the 8051 microcontroller, 8051pro- 
grams have the same execution time in the 8044. 


By integrating all of the communication hardware 
onto the 8051 microcontroller, the hardware cost of 
the system is reduced. Now several chips have been 
integrated into a single chip. This means that the 
system power is reduced, P.c. 
board space is re- 


duced, 
inventory 
and assembly is reduced, 
and 


reliability is improved. 
The improvement 
in reli- 


ability is a result of fewer chips and interconnections 
on the P.c. 
board. 


As mentioned before, there can be two extremes in 
a design which adds communications to the microcom- 
puter system. The 8044 solution uses the high end ex- 
treme. The SIU on the 8044contains its own processor 
which communicates with the 8051 processor through 
dual port RAM and control/status 
registers. While 


the SIU is not a totally independent communications 
processor, it substantially offloads the 8051 processor 
from the communication tasks. 


Tbe DMA on the 8044 is dedicated to the SIU. It can- 
not accessexternal RAM. By having a DMA controller 
in the SIU, the 8051 CPU is offloaded. As a result 
of the dual port RAM design, the DMA does not share 
the running at full speed while the frames are being 


transmitted or received. Also, the nuisance of over- 
run and underrun errors is totally eliminated since the 
dedicated DMA controller is guaranteed to meet the 
maximum data rates. Having a dedicated DMA con- 
troller means that the ,serial channel interrupt can be 
the lowest priority, thus allowing the CPU to have 
higher priority real time interrupts. 


Figure 3 shows a comparison between the conventional 
and the 8044 solution on the percentage of time the 
CPU must spend sending data. This diagram was 
derived by assuming a 64 byte information frame is 
being transmitted repeatedly. The conventional solu- 
tion is interrupt driven, and each interrupt service 
routine is assumed to take about 15instructions with 
a 1 ,..secinstruction cycle time. At 533 Kbps, an in- 
terrupt would occur every 15 usec. Thus, the CPU 
becomes completely dedicated to servicing the serial 
communications. The conventional design could not 
support bit rates higher than this because of under- 
runs and overruns. For the 8044 to repeatedly send 
64 byte frames, it simply has to reinitialize the DMA 
controller. As a result, the 8044 can support bit rates 
up to 2.4 Mbps. 


Some of the other communications tasks the CPU has 
to perform, such as link access, command recogni- 
tion/response, 
and 
acknowledgements, 
are 
per- 


formed automatically by the SIU in a mode called 
"AUTO." 
The combination of the dedicated DMA 


controller and the AUTO mode, substantially offload 


230876-4 


PERCENTAGE 
OF 
CPU TIME 
SPENT 
SERVICING 
SDLC 


100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
o 


CONVENTIONAL 
SOLUTION 


8044 
SOLUTION 


250 K 
500 K 
750 K 
1 M 


BIT RATE 
(BITS/SECOND) 


the CPU, thus allowing it·todevote more of its power 
to other tasks. 


8044'5 
Auto Mode 
In the AUTO mode the SIU implements in hardware 
a subset of the SOLC protocol such that it responds 
to many SOLC commands without CPU intervention. 
All AUTO mode responses to the primary station con- 
form to IBM's SOLC definition. In the'AUTO mode 
the 8044 can only be a secondary station operating 
in SOLC 
specified 
"Normal 
Response 
Mode." 
Normal Response Mode means that the secondary 
station can not transmit unless it is polled by the 
primary station. The SIU in the AUTO mode can 
recognize and respond to the following SOLC com- 
mands without CPU intervention: I (Information), RR 
(ReceiveReady), RNR (ReceiveNot Ready), REJ (Re- 
ject), and for loop mode UP (Unnumbered Poll). The 
SIU can generate the following responses without 
CPU intervention: I, RR, and RNR. In addition, the 
SIU manages Ns and Nr in the control field. If it 
detects an error in either Ns or Nr, it interrupts the 
CPU for error recovery. 


How does the SIU know what responses to send to 
the primary? It uses two status bits which are set by 
the CPU. The two bits are TBF (Transmit Buffer Full) 
and RBP (Receive Buffer Protect). TBF indicates that 
the CPU wants to send data, and RBP indicates that 
the receive data buffer is full. Table I shows the 
responses the SJU willsend based on these two status 
bits. This is an innovative approach to communica- 
tion design. The CPU in the 8044 with one instruction 


can directly set a bit \¥hich communicates to the 
primary what its transmit and receivebuffering status 
is. 


When the CPU wants to send a frame, it loads the 
transmit buffer with the data, 
loads the starting 


address and the count of the data into the SIU, then 
sets TBF to transmit the frame. The SIU waits for the 
primary station to poll it with a RR command, After 
the SIU is polled, it automatically sends the informa- 
tion frame to the primary with the proper control field. 
The SIU then waits for a positive acknowledgement 
from the primary before incrementing the Ns field and 
interrupting the CPU for more data. If a negative 
acknowledgement is received, the SIU automatically 
retransmits the frame. 


When the 8044 is ready to receive information, the 
CPU loads the receivebuffer starting address and the 
buffer length.into the SIU, then enables the receiver. 
When a valid information 
frame with the correct 


address and CRe is received, the SIU will increment 
the Nr field, disable the receiverand interrupt the CPU 
indicating that a good I frame has been received. The 
CPU then sets RBP, reenables the receiver and pro- 
cessesthe received data. By enabling the receiver with 
RBP set, the SIU will automatically respond to polls 
with a Receive Not Ready, thus keeping the link 
moving rather than timing out the primary from a 
disabled receiver, or interrupting 
the CPU with 


another poll before it has processed the data. After 
the data has been processed, the CPU clears RBP, 
returning to the Receive Ready responses. 
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TBF 
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1 
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o 
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o 
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SDLC communications can be broken up into four 
states: Logical Disconnect State, Initialization State, 
Frame Reject State, and Information Transfer State. 
Data can only be transferred 
in the Information 


Transfer State. More than 90070of the time a station 
will be in the Information Transfer State, which is 
where the SIU can run autonomously. 
In the other 


states, where error recovery, online/offline, 
and in- 


itialization takes place, the CPU manages the protocol. 


I 
I SECONDARY I 


(RR) Receive 
ready 


(RNR) Receive 
not ready 


(I) Information 


(I) Information 


In the Information Transfer State there are three com- 
mon events which occur as illustrated in Figure 4, they 
are: I) the primary polls the secondary and the secon- 
dary is ready to receive but has nothing to send, 2) 
the primary sends the secondary information, and 3) 
the secondary sends information 
to the primary. 


Figures 5, 6, and 7 compare the functions the con- 
ventional design and the 8044 must execute in order 
to respond to the primary for the cases in Figure 4. 


I 
I SECONDARY I 


Case 1. Primary polls secondary 
secondary 
has nothing to send 


Command 
Response 


RR 
• 
.• 
RR 


Case 2. 
Primary polls secondary 
secondary 
sends Information 
frame 


Command 
Response 


RR,NR 
• 


RR, NR+1 
• 


Case 3. 
Primary sends secondary 
Information 
frame 


Command 
Response 
RR 
• 


Information 
frame 


Note: RR = Receive 
ready 


Figure 4. SDLC commands 
and responses 
In the Information 
transfer 
state 
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CASE ~ 


8044 
AUTO MODE 
CONVENTIONAL 
DESIGN 


~RR- 
Poll 
Receive Interrupts 


Decode received control field 


Check NR field 


Load response into transmit control field 


Send frame 


CASE 2 


8044 


AUTO MODE 


Load transmit buffer 


set TBF bit 


CONVENTIONAL 


DESIGN 


Load transmit buffer and transmit 
control byte 
RR --- 
•.- 
Receive Interrupts 
poll 
Decode receive control byte 


Check NR field 


Send frame 


Transmit Interrupts 


RR ---_- 
Receive Interrupts 
poll 
Decode receive control byte 


Check NR field 


Increment NS 


Figure 6. Primary polls secondary, 
secondary sends Information 
frame 
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CASE 3 


8044 
AUTO MODE 
PRIMARY 
~RR- 
poll. 


CONVENTIONAL 


DESIGN 


Receive 
Interrupts 


Decode received 
control field 


Check NR field 


Load response 
Into transmit 
control 


field 


Send frame 


Transmit 
Interrupts 


Receive 
Interrupts 


Decode receive control field 


Check NS NR fields 


Increment 
NR 


Load response 
Into transmit 
control 


field 


Send frame 


Transmit 
Interrupts 


Using case I as an example, the conventional design 
first gets receive interrupts bringing the data from the 
SOLC comm chip into memory. The CPU must then 
decode the command in the control field and deter- 
mine the response. In addition, it must check the Nr 
field for any pending acknowledgements. The CPU 
loads the transmit buffer with the appropriate address 
and control field, then transmits the frame. When the 
8044 receives this frame in AUTO mode, the CPU 
never gets an interrupt because the SIU handles the 
entire frame reception and response automatically. 


In SOLC networks, when there is no information 
transfers, case I is the activity on the line. Typically 
this is 80Ofo of the network traffic. The CPU in the 
conventional design would constantly be getting in- 
terrupts and servicingthe communications tasks, even 
when it has nothing to send or receive. On the other 
hand, the 8044 CPU would only get involved in com- 
municating when it has data to send pr receive. 


Having the SIU implement a subset of the SOLC pro- 
tocol in hardware not only offloads the CPU, but it 
also improves the throughput on the network. The 


most critical parameter for calculating throughput on 
any high speed network is the station turnaround time; 
the time it takes a station to respond after receiving. 
a frame. Since the 8044 handles all of the commands 
and responses of the Information Transfer State in 
hardware, the turnaround 
time is much faster than 


handling it in software, hence a higher throughput. 


8044's 
Flexible 
Mode 
In the "NON-AUTO" 
mode or Flexible mode, the 


SIU does not recognize or respond to any commands, 
nor does it manage acknowledgements, which means 
the CPU must handle link access, command recogni- 
tion/response, acknowledgements and error recovery 
by itself. The Flexible mode allows the 8044 to have 
extended address fields and extended control fields, 
thus providing HOLC support. In the Flexible mode 
the 8044can operate as a primary station, since it can 
transmit without being polled. 


Front End Communications 
Processor 


The 
8044 can 
also 
be 
used 
as 
an 
intelligent 


HOLC/SOLC front end for a microporcessor, capable 
of extensively off-loading link control functions for 
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the microporcessor. In some applications the 8044can 
even be used for communications preprocessing, in 
addition to data link control. For this type of design 
the 8044 would communicate 
to the Host CPU 


through a FIFO. or dual port RAM. A block diagram 
of this design is given in Figure 8. A tightly coupled 
interface between the 8044 and the Host CPU would 
be established. The Host CPU would give the 8044 
high level commands and data which the 8044 would 
convert to HOLC/SOLC. 
This. particular 
type of 


design would be most appropriate 
for a primary 


Station which is normally a micro, mini, or mainframe 


computer. Sophisticated secondary stations could also 
take advantage of this design. 


Since the 8044 has ROM on chip, all the communica- 
tions software 
is non-volatile. 
The 8044 primary 


station could down-line-load software to 8044 secon- 
dary stations. Once down-line-loading is implemented, 
software 
updates 
to the primary 
and 
secondary 


stations could be done very inexpensively. The only 
things which would remain fIXed in ROM are the 
HOLC/SOLC communications software and the soft- 
ware interface to the HOST. 


SYSTEM 
MEMORY 


INTERFACE 
HARDWARE 


8044 


EXPANSION 


MEMORY 
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ICETM-5100/044 
In-Circuit Emulator 


for the RUPITM-44 Family 


• Precise, 
Full-Speed, 
Real-Time 
• Symbolic 
Debugging 
Enables 
Access 
to 
Emulation 
of the RUPITM-44 Family of 
Memory 
Locations 
and Program 
Peripherals 
Variables 


• 64 KB of Mappable 
High-Speed 
• Four Address 
Breakpoints 
Plus In- 
Emulation 
Memory 
Range, Out-of-Range, 
and Page Breaks 
• 254 24-bit Frames of Trace 
Memory 
(16 
• Equipped 
with the Integrated 
Command 
Bits Trace 
Program 
Execution 
Directory 
(ICDTM) That Provides 
Addresses 
and 8 Bits Trace 
Eternal 
- 
On-Line 
Help 


Events) 
- 
Syntax 
Guidance 
and Checking 
• Serial Link to Intel Series 
III/IV 
or IBM* 
- 
Command 
Recall 


PC AT or PC XT (and PC DOS 
• On-Line 
Disassembler 
and Single-Line 
Compatibles) 
Assembler 
to Help with Code Patching 
• ASM-51 
and PL/M-51 
Language 
• Provides 
an Ideal Environment 
for 
Support 
Debugging 
BITBUSTM Applications 
• Built-in CRT-Oriented 
Text Editor 
Code 


The ICETM-5100/044 
in-circuit 
emulator 
is a high-level, 
interactive 
debugger 
that is used to develop 
and test 
the 
hardware 
and 
software 
of a target 
system 
based 
on the 
RUPITM-44 
family 
of peripherals. 
The 
ICE- 
5100/044 
emulator 
can be serially linked to an Intellec@ Series III/IV or an IBM PC AT or PC XT. The emulator 
can communicate 
with 
the 
host 
system 
at standard 
baud 
rates 
up to 19.2K. 
The 
design 
of the emulator 
supports 
all of the RUPI-44 
components 
at speeds 
up to and including 
12 MHz. 


"IBM 
is a registered 
trademark 
of International 
Business 
Machines 
Corporation. 
Intel Corporation 
assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in an Intel product. 
No other 
patent 
licenses 
are implied. 
Information 
contained 
herein 
supersedes 
previously 
published 
specifications 
on these 
devices 
from 
Intel. 
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The ICE-5100/044 emulator provides full emulation 
support for the RUPI-44 family of peripherals, includ- 
ing 8044-based BITBUSTM board products. The 
RUPI-44 family consists of the 8044, the 8744, and 
the 8344. 


The ICE-5100/044 emulator enables hardware and 
software development to proceed simultaneously. 
With the ICE-5100/044, prototype hardware can be 
added to the system as it is designed and software 
can be developed prior to the completion of the 
hardware prototype. Software and hardware integra- 
tion can occur while the product is being developed. 


The ICE-5100/044 emulator assists four stages of 


. development: 


• Software debugging 
• Hardware debugging 
• System integration 


• System test 


Software 
Debugging 


The ICE-5100/044 emulator can be operated with- 
out being connected to the target system and before 
any of the user's hardware is available (provided ex- 
ternal data RAM is not needed). In this stand-alone 
mode, the ICE-5100/044 emulator can be used to 
facilitate program development. 


Hardware 
Debugging 


The ICE-5100/044 emulator's AC/DC parametric 
characteristics match the microcontroller's. The em- 
ulator's full-speed operation makes it a valuable tool 
for debugging hardware, including time-critical serial 
port, timer, and external interrupt interfaces. 


System Integration 


Integration of software and hardware can begin 
when the emulator is plugged into the microcontrol- 
ler socket of the prototype system hardware. Hard- 
ware can be added, modified, and tested immediate- 
ly. As each section of the user's hardware is com- 
pleted, it can be added to the prototype. Thus, the 
hardware and software can be system tested in real- 
time operation as each section becomes available. 


System Test 


When the prototype is complete, it is tested with the 
final version of the system software. The ICE- 
5100/044 emulator is then used for real-time emula- 
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tion of the microcontroller to debug the system as a 
completed unit. 


The final product verfication test can be performed 
using the ROM or EPROM version of the microcon- 
troller. Thus, the ICE·5100/044 emulator provides 
the ability to debug a prototype or production system 
at any stage in its development without introducing 
extraneous hardware or software test tools. 


The ICE-5100/044 emulator consists of the follow- 
ing components (see Figure 1): 


• Power supply 
• AC and DC power cables 
• Controller pod 
• Serial Cable (host-specific) 
• User probe assembly (consisting of the proces- 


sor module and the user cable) 


• Crystal power accessory (CPA) 
• 40-pin target adaptor 
• Clips assembly 
• Software (includes the ICE-5100/044 emulator 


software, diagnostic software, and a tutorial) 


The controller pod contains 64 KB of emulation 
memory, 254- by 24-bit frames of trace memory, and 
the control processor. In addition, the controller pod 
houses a BNC connector that can be used to con- 
nect up to 10 multi-ICE compatible emulators for 
synchronous starting and stopping of emulation. 


The serial cable connects the host system to the 
controller pod. The serial cable supports a subset of 
the RS-232C signals. 


The user probe assembly consists of a user cable 
and a processor module. The processor module 
houses the emulation processor and the interface 
logic. The target adaptor connects to the processor 
module and provides an electrical and mechanical 
interface to the target microcontroller socket. 


The crystal power accessory (CPA) is a small, de- 
tachable board that connects to the controller pod 
and enables the ICE·5100/044 emulator to run in 
stand-alone mode. The target adaptor plugs into the 
socket on the CPA; the CPA then supplies clock and 
power to the user probe. 


The clips assembly enables the user to trace exter- 
nal events. Eight bits of data are gathered on the 
rising edge of PSEN during opcode fetches. The 
clips information can be displayed using the CLIPS 
option with the PRINT command. 


Figure 1. The ICETM·5100/044 
Emulator 
Hardware 


The ICE-51 00-044 emulator 
software 
supports 
mne- 
troller of the target 
system. 
Emulation 
is a transpar- 


monies, object file formats, 
and symbolic 
references 
ent process that happens 
in real-time. 
The execution 
generated 
by Intel's ASM-51 
and PL/M-51 
program- 
of 
the 
user 
software 
is facilitated 
with 
the 
ICE- 
ming languages. 
Along with the ICE-51 00/044 
emu- 
5100/044 
command 
language. 
lator 
software 
is a customer 
confidence 
test 
disk 


with diagnostic 
routines 
that check the operation 
of 


the hardware. 
Memory Mapping 


The on-line 
tutorial 
is written 
in the ICE-5100 
com- 


mand 
language. 
Thus, 
the 
user is able 
to interact 


with and use the ICE-5100/044 
emulator 
while exe- 


cuting the tutorial. 


A comprehensive 
set of documentation 
is provided 


with the ICE-51 00/044 
emulator. 


ICETM·5100/044 
EMULATOR 


FEATURES 


The ICE-51 00/044 
emulator 
has been created 
to as- 


sist a product 
designer 
in developing, 
debugging 
and 


testing 
designs 
incorporating 
the RUPI-44 
family 
of 


peripherals. 
The 
following 
sections 
detail 
some 
of 


the ICE-51 00/044 
emulator 
features. 


Emulation 
is the controlled 
execution 
of the user's 


software 
in the 
target 
hardware 
or in an artificial 


hardware 
environment 
that duplicates 
the microcon- 


There is a 64 KB of memory 
that can be mapped 
to 


the CODE 
memory 
space 
in 4 KB blocks 
on 4 KB 


boundaries. 
By 
mapping 
memory 
to 
the 
ICE- 


5100/044 
emulator, 
software 
development 
can pro- 


ceed before the user hardware 
is available. 


The memory 
space for the 8044 microcontroller 
and 


its target 
hardware 
is fully 
accessible 
through 
the 


emulator. 
The ICE-51 00/044 
emulator 
refers to four 


physically 
distinct 
memory 
spaces, 
as follows: 


• 
CODE-references 
program 
memory 


• 
IDATA-references 
internal 
data memory 


• 
RDATA-references 
special function 
register 


memory 


• 
XDA TA-references 
external 
data memory 


ICE-5100/044 
emulator 
commands 
that 
access 


memory 
use one of the special prefixes 
(e.g., CODE) 


to specify the memory 
space. 


inter 


The microcontroller's 
special function 
registers and 


register 
bits can be accessed 
mnemonically 
(e.g., 
DPL, TCON, CY, P1.2) with the ICE-51 00/044 
emu- 


lator software. 


Data can be displayed 
or modified 
in one of three 


bases: 
hexadecimal, 
decimal, 
or binary. 
Data can 


also be displayed or modified in one of two formats: 
ASCII or unsigned integer. Program code can be dis- 
assembled 
and 
displayed 
as ASM-51 
assembler 


mnemonics. 
Code 
can be modified 
with 
standard 


ASM-51 statements 
using the built-in single-line as- 
sembler. 


Symbolic references can be used to specify memory 
locations. 
A 
symbolic 
reference 
is 
a 
procedure 


name, line number, program variable, or label in the 
user program that corresponds 
to a location. 


Some typical symbolic functions 
include: 


• 
Changing 
or inspecting 
the value of a program 


variable by using its symbolic name to access the 
memory location. 


• 
Defining break and trace events using symbolic 
references. 


• 
Referencing 
variables 
as 
primitive 
data 
types. 
The 
primitive 
data 
types 
are 
ADDRESS, 
BIT, 
BOOLEAN, 
BYTE, 
CHAR 
(character), 
and 


WORD. 


The ICE-51 00/044 
emulator maintains a virtual sym- 


bol table (VST) for program symbols. A maximum of 
61 KB of host 
memory 
space 
is available 
for the 


VST. If the VST is larger than 61 KB, the excess is 
stored on available 
host system disk space and is 


paged in and out as needed. The size of the VST is 
limited only by the disk capacity of the host system. 


Breakpoint 
Specifications 


Breakpoints are used to halt a user program in order 
to examine the effect of the program's execution 
on 


the target system. The ICE-51 00/044 
emulator sup- 


ports three different types of break specifications: 


• 
Specific 
address 
break-specifying 
a single ad- 


dress point at which emulation 
is to be stopped. 


• 
Range 
break-an 
arbitrary 
range of addresses 


can be specified to halt emulation. 
Program exe- 


cution 
within 
or, 
optionally, 
outside 
the 
range 


halts emulation. 


• 
Page break-up 
to 256 page breaks can be spec- 
ified. A page break is defined as a range of ad- 
dresses that is 256-bytes 
long and begins on a 


256-byte address boundary. 


Break registers 
are user-defined 
debug definitions 


used 
to 
create 
and 
store 
breakpoint 
definitions. 


Break registers can contain multiple breakpoint defi- 
nitions 
and 
can 
optionally 
call 
debug 
procedures 


when emulation 
halts. 


Trace Specifications 


Tracing can be triggered using specifications 
similar 


to 
those 
used 
for 
breaking. 
Normally, 
the 


ICE-5100/044 
emulator 
traces 
program 
activity 


while the user program 
is executing. 
With a trace 


specification, 
tracing can be triggered to occur only 


when specific conditions 
are met during execution. 


Up to 254 24-bit frames of trace information 
are col- 


lected in a buffer during emulation. Sixteen of the 24 
bits trace instruction execution addresses, and 8 bits 
capture external events (CLIPS). 
- 
1 
~ 
f· 
Print 
newest 
four 
instructions 
in 
the 
buffer 
·f 


hlt>PRINT 
NEWEST 4 


FRAME 
ADDR 
CODE 
INSTRUCTIONS 


(28) 
300A 
C02A 
PUSH 
2AH 


(30 
300C 
2532 
ADD 
A. 
32H 


(32) 
300E 
F52A 
MOV 
2AH. 
A 


(34) 
3010 
B53210 
CJNE 
A.32H. 
$+10H 


hlt> 
hlt>PRINT 
CLIPS 
OLDEST 2 
f· 
Buffer 
display 
showing 
clips 
·f 
FRAME 
ADDR 
CODE 
INSTRUCTIONS 
CLIPS 
(76543210) 
(00) 
007AH 
0508 
INC 
INDX 
PTR 
10101111 
(01) 
007CH 
80E6 
SJMP (#28) 
00100010 


inter 


The trace buffer display is similar to an ASM-51 
pro- 


gram listing as shown 
in Figure 2. The PRINT com- 


mand 
enables 
the 
user 
to 
selectively 
display 
the 


contents 
of the trace buffer. The user has the option 


of displaying 
the clips information 
as well as dissas- 


sembled 
instructions. 


Procedures 


Debugging 
procedures 
(PROCs) 
are a user-defined 


group of ICE-5100/044 
commands 
that are execut- 


ed as one command. 
PROCs enable 
the user to de- 


fine several 
commands 
in a named 
block structure. 


The commands 
are executed 
by entering 
thename 


of the PROC. The PROC bodies are a simple DO ... 
END construct. 


~t>GO 
FRO> 


<expr> 
) 


Figure 3. The Integrated 
Command 
Directory 
for the GO Command 


15-70 


PAOCs 
can simulate 
missing 
hardware 
or software, 
set breakpoints, 
collect 
debug information, 
and exe- 


cute 
high-level 
software 
patches. 
PAOCs 
can 
be 


copied 
to text files on disk, then recalled 
for use in 


later test sessions. 
PAOCs 
can also serve 
as pro- 
gram diagnostics, 
implementing 
ICE-51 00/044 
emu- 


lator commands 
or user-defined 
definitions 
for spe- 


cial purposes. 


On-Line Syntax Menu 


A special 
syntax 
menu, 
called 
the Integrated 
Com- 
mand directory 
(ICD), similar to the one used for the 


121CETMsystem and the VLSiCE-96 
emulator, 
aids in 


creating 
syntactically 
correct 
command 
lines. Figure 


3 shows 
an example 
of the ICD and how it changes 


to reflect the options 
available 
for the GO command. 


Help 


The HELP command 
provides 
ICE-51 00/044 
emula- 
tion command 
assistance 
via the host system termi- 
nal. On-line 
HELP is available 
for the ICE-5100/044 


emulator 
commands 
shown 
in Figure 4. 


BITBUSTM Applications 
Support 


The ICE-5100/044 
emulator 
provides 
an ideal envi- 


ronment 
for developing 
applications 
code 
for 
BIT- 
BUS board 
products 
such 
as the 
ACB-44/10, 
the 


ACB-44/20, 
the 
PCX-344, 
and 
the 
iSBXTM-344 


board. 


The BITBUS 
firmware, 
available 
separately 
as BIT- 
WAAE, can be loaded into the ICE-51 00/044 
emula- 


tor's 
memory 
along 
with the user's 
code 
to enable 


rapid debug of 8044 BITBUS 
applications 
code. 


The height 
of the processor 
module 
and the target 


adaptor 
need to be considered 
for target 
systems. 


Allow at least 1% inches 
(3.8 cm) of space to fit the 


processor 
module 
and 
target 
adaptor. 
Figure 
5 


shows the dimensions 
of the processor 
module. 


Execution 
of user 
programs 
that 
contain 
interrupt 


routines 
causes 
incorrect 
data 
to be stored 
in the 


trace 
buffer. When 
an interrupt 
occurs, 
the next in- 


struction 
to be executed 
is placed into the trace buff- 


er before 
it is actually 
executed. 
Following 
comple- 


tion of the interrupt 
routine, the instruction 
is execut- 


ed and again placed 
into the trace buffer. 


The 
emulation 
processor's 
user-pin 
timings 
and 


loadings 
are identical 
to the 8044 
component, 
ex- 


cept as follows. 


• 
Up to 25 pF of additional 
pin capacitance 
is con- 


tributed 
by 
the 
processor 
module 
and 
target 


adaptor 
assemblies. 


• 
Pin 31, EA, has approximately 
32 pF of additional 


capacitance 
loading 
due to sensing 
circuitry. 


• 
Pins 18 and 19, XTAL1 
and XTAL2 
respectively, 


have approximately 
15-16 pF of additional 
capac- 
itance when configured 
for crystal 
operation. 


ADDRESS 
APPEND 
ASM 
BASE 
BIT 
BOOLEAN 
BRKREG 
BYTE 
CHAR 
CI 
CNTL_C 
COMMENTS 
CONSTRUCTS 
COUNT 
CURHOME 
CURX 
CURY 
DCI 
DEBUG 
DEFINE 
DIR 
DISPLAY 
DO 
DYNASCOPE 
EDIT 
ERROR 
EVAL 
EXIT 
EXPRESSION 
GO 
HELP 
IF 
INCLUDE 
INVOCATION 
ISTEP 
KEYS 
LABEL 
LINES 
LIST 
LITERALLY 
LOAD 
LSTEP 
MAP 
MENU 
MODIFY 
MODULE 
MSPACE 
MTYPE 
NAMES COPE 
OPERATOR 
PAGING 
PARTITION 
PRINT 
PROC 
PSEUDO_VAR 
PUT 
REFERENCE 
REGS 
REMOVE 
REPEAT 
RESET 
RETURN 
SAVE 
STRING 
SYMBOLIC 
SYNCS TART TEMPCHECK 
TRCREG 
TYPES 
VARIABLE 
VERIFY 
VERSION 
WAIT 
WORD 
WRITE 


hIt> 


---------1 


Figure 4. HELP Menu 
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SIDEYIEW 
PROCESSORMODULE 
~w9T"... 


TARGET 
=-.L 


ADAPTOR 


HOST REQUIREMENTS 


• 
IBM PC AT or PC XT (or PC DOS compatible) 
with 
512 
KB of available 
RAM and a hard disk 


running 
under 
the DOS 3.0 ( or later) 
operating 


system. 


• 
Intellec 
Series III/IV microcomputer 
development 


system 
running 
the 
ISIS or iNDX operating 
sys- 
tem respectively, 
with at least 512 KB of applica- 
tion memory 
resident. 


• 
Disk drives-dual 
floppy or one hard disk and one 


floppy 
drive required. 


ICETM·5100/044 
EMULATOR 


SOFTWARE 
PACKAGE 


• 
ICE-51 00/044 
emulator 
software 


• 
ICE-5100/044 
confidence 
tests 


• 
ICE-5100 
tutorial 
software 


Memory 
Mappable 
full-speed 
emulation 
code 
memory 


Trace memory 


Virtual Symbol 
Table 


64 KB 
Mappable 
to user or ICE- 


5100/044 
emulator 
mem- 
ory in 4 KB blocks on 4 KB 


-,,' 
boundaries. 


254 x 24 bit frames 


A maximum 
of 61 
KB of 


host 
memory 
space 
is 


available 
for 
the 
virtual 


symbol 
table 
(VST). 
The 


rest of the VST resides on 
disk and 
is paged 
in and 


out as needed. 


Width: 


Height: 


Depth: 


Weight: 


8-W 
1-%" 


13-%" 


4 Ibs 


(21 
cm) 


(3.8 
cm) 


(34.3 
cm) 


( 1.85 kg) 


(With the target 
adaptor 
attached) 


Width: 
3-10/,6" 
(9.7 
cm) 


Height: 
4" 
(10.2 cm) 


Depth: 
1-W' 
(3.8 
cm) 


Power Supply 


Width: 
7-%" 
(18.1 
cm) 


Height: 
4" 
(10.06 cm) 


Depth: 
11" 
(27.97 cm) 


Weight 
15 Ibs 
(6.1 
kg) 


inter 


Power Supply 


100-120V or 200-240V (selectable) 
50-60 Hz 
2 amps (AC max) @ 120V 
1 amp (AC max) @ 240V 


ENVIRONMENTAL 
CHARACTERISTICS 


+ 10°C to + 40°C (50°F to 
104°F) 
Maximum of 85% relative 
humidity, non-condensing 


Emulator Hardware 
and Software 


Order Code 
Description 
1044KITAD 
This kit contains the ICE-5100/044 
user probe assembly, power supply 
and 
cables, 
serial 
cables, 
target 


adaptor, CPA, ICE-5100 controller 
pod, software, and documentation for 
use with an IBM PCAT or PCXT. The 
kit also includes the 8051 Software 
Development 
Package 
and 
the 


AEDIT text editor for use on DOS 
systems. [Requires software license.] 


1044KITD 
This kit is the same as the 1044KITAD 
excluding the 8051 Software Devel- 
opment Package and the AEDIT text 
editor. [Requires software license.] 


1044KITAS 
This kit contains the ICE-5100/044 
user probe assembly, power supply 
and 
cables, 
serial 
cables, 
target 
adaptor, CPA, ICE-5100 controller 
pod, software, and documentation for 
use with Intel hosts (Series III/IV). 
The kit also includes the 8051 Soft- 
ware Development Package and the 
AEDIT text editor for use on the Se- 
ries 
III/IV. 
[Requires 
software 
li- 
cense.] 


1044KITS 
This kit is the same as the 1044KITAS 
excluding the 8051 Software Devel- 
opment Package and the AEDIT text 
editor. [Requires software license.] 


Software 
Only 
Order Code 
Description 
SA044D 
This kit contains the host, probe, di- 
agnostic, and tutorial software 
on 


5%" disks for use on an IBM PC AT 
or PC XT (requires DOS 3.0 or later). 
[Requires software license.] 


SA044S 
This kit contains the host, probe, di- 
agnostic, and tutorial software on 8" 
disks (both single-density and dou- 
ble-density) for use on a Series III, 
and on 5-%" disks for use on a Se- 
ries IV. [Requires software license.] 


Other Useful Intel@ MCS@·51Debug and 
Development Support Products 
Order Code 
Description 
D86ASM51 
8051 Software Development Pack· 
age (DOS version)-Consists 
of the 


ASM-51 
macro 
assembler 
which 


gives symbolic access to 8051 hard- 
ware features; the RL51 linker and 
relocator program that links modules 
generated 
by 
ASM-51; 
CONV51 


which enables software written for 
the MCS-48family to be up-graded to 
run on the 8051, and the L1B51 li- 
brarian which programmers can use 
to create and maintain libraries of 
software object modules. Use with 
the DOS operating system (version 
3.0 or later). 
D86PLM51 
PL/M·51 
Software 
Package (DOS 


version)-Consists 
of the PL/M-51 


compiler which provides high-level 
programming. language support; the 
L1B51 
utility 
that 
creates 
and 


maintains libraries of software object 
modules, and the RL51 linker and 
relocator program that links modules 
generated by ASM-51 and PL/M-51 
and locates the linked object mod- 
ules to absolute memory locations. 
Use with the DOS operating system 
(version 3.0 or later). 


186ASM51 
8051 Software Development 
Pack· 


age 
(ISIS version)-5ame 
as the 


D86ASM51 package except this one 
is for use with the Series III. 


186PLM51 
PL/M·51 Sofware 
Package-5ame 


as the D86PLM51 package except 
this one is for use with the Series III 
and Series IV. 


D86EDINL 
AEDIT text editor for use with the 
DOS operating system. 
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8080A/8080A-1/8080A-2 


8-BIT N-CHANNEL MICROPROCESSOR 
• TTL Drive Capability 
• Decimal, 
Binary, and Double 
Precision 
• 2 t-ts(-1:1.3t-ts, 
-2:1.5t-ts) 
Instruction 
Arithmetic 


Cycle 
• Ability to Provide 
Priority 
Vectored 
• Powerful 
Problem 
Solving 
Instruction 
Interrupts 


Set 
• 512 Directly 
Addressed 
I/O 
Ports 
• 6 General 
Purpose 
Registers 
and an 
• Available 
in EXPRESS 


Accumulator 
- 
Standard 
Temperature 
Range 
• 16-Bit Program 
Counter 
for Directly 
• Available 
in 40-Lead 
Cerdip and Plastic 
Addressing 
up to 64K Bytes of Memory 
Packages 


• 16-Bit Stack Pointer and Stack 


(See 
Packaging 
Spec. 
Order 
#231369) 


Manipulation 
Instructions 
for Rapid 


Switching 
of the Program 
Environment 


The Intel@ 8080A is a complete 
8-bit parallel central 
processing 
unit (CPU). It is fabricated 
on a single LSI chip 
using Intel's 
n-channel 
silicon gate MOS process. 
This offers the user a high performance 
solution 
to control 
and processing 
applications. 


The 8080A 
contains 
6 8-bit general 
purpose 
working 
registers 
and an accumulator. 
The 6 general 
purpose 
registers 
may be addressed 
individually 
or in pairs 
providing 
both 
single 
and double 
precision 
operators. 


Arithmetic 
and logical instructions 
set or reset 4 testable 
flags. A fifth flag provides 
decimal 
arithmetic 
opera- 
tion. 


The 8080A 
has an external 
stack feature 
wherein 
any portion 
of memory 
may be used as a last in/first 
out 
stack 
to store/retrieve 
the contents 
of the accumulator, 
flags, 
program 
counter, 
and 
all of the 6 general 
purpose 
registers. 
The 16-bit stack pointer controls 
the addressing 
of this external 
stack. This stack gives the 
8080A 
the ability to easily 
handle 
multiple 
level priority 
interrupts 
by rapidly 
storing 
and restoring 
processor 
status. 
It also provides 
almost 
unlimited 
subroutine 
nesting. 


This 
microprocessor 
has been 
designed 
to simplify 
systems 
design. 
Separate 
16-line 
address 
and 
8-line 
bidirectional 
data 
busses 
are used 
to facilitate 
easy 
interface 
to memory 
and 
I/O. 
Signals 
to control 
the 
interface 
to memory 
and I/O 
are provided 
directly 
by the 8080A. 
Ultimate 
control 
of the address 
and data 
busses 
resides 
with the HOLD signal. 
It provides 
the ability 
to suspend 
processor 
operation 
and force 
the 
address 
and data busses into a high impedance 
state. This permits OR-tying 
these busses with other control- 
ling devices 
for (DMA) direct memory 
access 
or multi-processor 
operation. 


NOTE: 


The 8080A 
is functionally 
and electrically 
compatible 
with the Intel 8080. 
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Symbol 
Type 
Name and Function 


A1S-AO 
0 
ADDRESS 
BUS: The address bus provides 
the address to memory 
(up to 64K 8-bit 
words) or denotes 
the I/O device number for up to 256 input and 256 output devices. 
Ao 
is the least significant 
address 
bit. 


DrDo 
I/O 
DATA BUS: The data bus provides 
bi-directional 
communication 
between 
the CPU, 


memory, and I/O devices for instructions 
and data transfers. 
Also, during the first clock 
cycle of each machine 
cycle, the 8080A outputs a status word on the data bus that 
describes 
the current machine 
cycle. Do is the least significant 
bit. 


SYNC 
0 
SYNCHRONIZING 
SIGNAL: The SYNC pin provides 
a signal to indicate the beginning 
of each machine 
cycle. 


DBIN 
0 
DATA BUS IN: The DBIN signal indicates 
to external 
circuits that the data bus is in the 
input mode. This signal should be used to enable the gating of data onto the 8080A data 
bus from memory or I/O. 


READY 
I 
READY: The READY signal indicates 
to the 8080A that valid memory or input data is 
available 
on the 8080A data bus. This signal is used to synchronize 
the CPU with slower 
memory or I/O devices. 
If after sending an address 
out the 8080A does not receive a 
READY input, the 8080A will enter a WAIT state for as long as the READY line is low. 
READY can also be used to single step the CPU. 


WAIT 
0 
WAIT: The WAIT signal acknowledges 
that the CPU is in a WAIT state. 


WR 
0 
WRITE: The WR signal is used for memory WRITE or I/O output control. 
The data on 
the data bus is stable while the WR signal is active low (WR = 0). 


HOLD 
I 
HOLD: The HOLD signal requests 
the CPU to enter the HOLD state. The HOLD state 
allows an external 
device to gain control 
of the 8080A address and data bus as soon as 
the 8080A has completed 
its use of these busses for the current machine 
cycle. It is 
recognized 
under the following 
conditions: 
• the CPU is in the HALT state. 
• the CPU is in the T2 or TW state and the READY signal is active. As a result of 
entering 
the HOLD state the CPU ADDRESS 
BUS (A1s-Ao) 
and DATA BUS (Dr Do) 
will be in their high impedance 
state. The CPU acknowledges 
its state with the HOLD 
ACKNOWLEDGE 
(HLDA) pin. 


HLDA 
0 
HOLD ACKNOWLEDGE: 
The HLDA signal appears 
in response 
to the HOLD signal and 
indicates 
that the data and address 
bus will go to the high impedance 
state. The HLDA 
signal begins at: 
• T3 for READ memory or input. 
• The Clock Period following 
T3 for WRITE memory or OUTPUT 
operation. 


In either case, the HLDA signal appears 
after the rising edge of 4>2. 


INTE 
0 
INTERRUPT 
ENABLE: Indicates 
the content 
of the internal interrupt 
enable flip/flop. 


This flip/flop 
may be set or reset by the Enable and Disable Interrupt 
instructions 
and 
inhibits interrupts 
from being accepted 
by the CPU when it is reset. It is automatically 
reset (disabling 
further interrupts) 
at time T1 of the instruction 
fetch cycle (M1) when an 


interrupt 
is accepted 
and is also reset by the RESET signal. 


INT 
I 
INTERRUPT 
REQUEST: The CPU recognizes 
an interrupt 
request on this line at the end 
of the current instruction 
or while halted. If the CPU is in the HOLD state or if the 


Interrupt 
Enable flip/flop 
is reset it will not honor the request. 


RESET1 
I 
RESET: While the RESET signal is activated, 
the content 
of the program 
counter 
is 
cleared. After RESET, the program will start at location 
0 in memory. The INTE and 
HLDA flip/flops 
are also reset. Note that the 1,lags,accumulator, 
stack pointer, and 
registers are not cleared. 


VSS 
GROUND: 
Reference. 


VDD 
POWER: 
+12 
±5% 
V. 


Vcc 
POWER: 
+ 5 ± 5% V. 


Vss 
POWER: 
-5 
±5% 
V. 


4>1,4>2 
CLOCK PHASES: 2 externally 
supplied 
clock phases. 
(non TIL 
compatible) 


NOTE: 
1. The RESET 
signal 
must be active 
for a minimum 
of 3 clock 
cycles. 
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•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


All Input or Output 
Voltages 
with RespecttoVss 
-0.3Vto 
+20V 


Vcc, 
VOO and Vss 
with RespecttoVss 
-0.3Vto 
+20V 


Power Dissipation 
1.5W 


D.C. CHARACTERISTICS 
TA = 0·Ct070·C, 
Voo = +12V 
±5%, 
Vcc = +5V 
±5%, 
Vss = -5V 
±5%, 
Vss = OV; unless otherwise 
noted 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Condition 


VllC 
Clock Input Low Voltage 
Vss 
- 
1 
Vss 
+ 0.8 
V 


VIHC 
Clock Input High Voltage 
9.0 
Voo + 
1 
V 


Vil 
Input Low Voltage 
Vss 
- 
1 
Vss 
+ 0.8 
V 


VIH 
Input High Voltage 
3.3 
VCC + 1 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
} 
IOl = 1.9 mA on All Outputs, 
VOH 
Output 
High Voltage 
3.7 
V 
IOH = -150 
pA 


100 (AV) 
Avg. Power Supply Current (Voo) 
40 
70 
mA 


ICC(AV) 
Avg. Power Supply Current (VcC> 
60 
80 
mA ) ope,,'oo 


ISS(AV) 
Avg. Power Supply Current (Vss) 
0.01 
1 
mA 
TCy = 0.48 /Ls 


III 
Input Leakage 
±10 
/LA 
Vss 
s: VIN s: VCC 


ICl 
Clock Leakage 
±10 
/LA 
Vss 
s: VClOCK s: Voo 


10l 
Data Bus Leakage 
in Input Mode 
-100 
/LA 
Vss 
s: VIN s: Vss 
+ 0.8V 


-2.0 
mA 
Vss 
+ 0.8V s VIN S VCC 


IFl 
Address 
and Data Bus Leakage 
+10 
/LA 
VAOOR/OATA = VCC 
During HOLD 
-100 
VAOOR/OATA = Vss 
+ 0.45V 


CAPACITANCE 
TA = 25·C, Vcc = Voo 
= Vss = OV, Vss = 
-5V 


Symbol 
Parameter 
Typ 
Max 
Unit 
Test Condition 


C</> 
Clock 
17 
25 
pF 
fc = 1 MHz 


Capacitance 


CIN 
Input 
6 
10 
pF 
Unmeasured 
Pins 


Capacitance 


COUT 
Output 
10 
20 
pF 
Returned 
to Vss 


Capacitance 


Typical 
Supply Current 
va 


Temperature, 
Normalized 


tol Supplylt.TA 
= -O.45o/.rC 


inter 


A.C. CHARACTERISTICS 
(8080A) 
TA = 0·Ct070·C, 
voo = +12V 
±5%, 
vee = +5V 
±5%, 


VBB = - 5V ± 5%, VSS = OV; unless otherwise 
noted 


Symbol 
Parameter 
-1 
-1 
-2 
-2 Unit Test Condition 
Mln 
Max 
Min 
Max 
Mln 
Max 


tey(3) 
Clock Period 
0.48 
2.0 
0.32 
2.0 
0.38 
2.0 
J.l.s 


tr, tf 
Clock Rise and Fall Time 
0 
50 
0 
25 
0 
50 
ns 


t<b1 
1<b1Pulse Width 
60 
50 
60 
ns 


t<b2 
Id>2Pulse Width 
220 
145 
175 
ns 


t01 
Delay c/>1to c/>2 
0 
0 
0 
ns 


t02 
Delay c/>1to c/>2 
70 
60 
70 
ns 


t03 
Delay c/>1to c/>2Leading Edges 
80 
60 
70 
ns 


tOA 
Address 
Output Delay From c/>2 
200 
150 
175 
ns 
CL = 100 pF 
too 
Data Output Delay From c/>2 
200 
180 
200 
ns 


toe 
Signal Output 
Delay From c/>1or c/>2 
120 
110 
120 
ns 
CL = 50 pF 
(SYNC, WR, WAIT, HLDA) 


tOF 
DBIN Delay From c/>2 
25 
140 
25 
130 
25 
140 
ns 


tDl(1) 
Delay for Input Bus to Enter Input Mode 
tOF 
tOF 
tOF 
ns 


tOS1 
Data Setup Time During c/>1and DBIN 
30 
10 
20 
ns 


tOS2 
Data Setup Time to c/>2During DBIN 
150 
120 
130 
ns 


tOH(1) 
Data Hold Time From c/>2and DBIN 
(1) 
(1) 
(1) 
ns 


tiE 
INTE Output Delay From c/>2 
200 
200 
200 
ns 
CL = 50 pF 


tAS 
READY Setup Time During c/>2 
120 
90 
90 
ns 


tHS 
HOLD Setup Time During c/>2 
140 
120 
120 
ns 


tiS 
INT Setup Time During c/>2 
120 
100 
100 
ns 


tH 
Hold Time From c/>2(READY, 
INT, HOLD) 
0 
0 
0 
ns 


tFD 
Delay to Float During Hold 
120 
120 
120 
ns 
(Address 
and Data Bus) 


tAW 
Address 
Stable Prior to WR 
(5) 
(5) 
(5) 
ns 


tow 
Output Data Stable Prior to WR 
(6) 
(6) 
(6) 
ns 


two 
Output Data Stable From WR 
(7) 
(7) 
(7) 
ns 


tWA 
Address 
Stable From WR 
(7) 
(7) 
(7) 
ns 


tHF 
HLDA to Float Delay 
(8) 
(8) 
(8) 
ns 


tWF 
WR to Float Delay 
(9) 
(9) 
(9) 
ns 


tAH 
Address 
Hold Time After DBIN During HLDA 
-20 
-20 
-20 
ns 


DEVICE 
UNDER 


~CL=IOOPF 


TEST 
. 
-= 
231453-4 


CL - 
100 pF 


CL Includes 
Jig Capacitance 


NOTE: 
Timing 
measurements 
are made 
at the following 
reference 
voltages: 
CLOCK 
"1" 
"0" 
= O.BV 


07-00 


SYNC 


DBIN 


WIl 


READY 


WAIT 


HOLD 
~ 


HLOA 


~ 
INT 


INTE 
:=t- 


NOTES: 
(Parenthesis 
gives 
- 1, - 2 specifications, 
respec- 


tively.) 
1. Data input should 
be enabled 
with 
DBIN status. 


No bus conflict 
can then occur 
and data hold time 


is assured. 
tOH = 50 ns or tOF, whichever 
is less. 


2. tCY = t03 + trq,2 
+ tq,2 +tl4>2 + 
t02 + 
trq,1 ~ 
480 ns (-1 
:320 ns. - 
2:380 ns). 


E. 
> 
+10 
<{ 
..J 


Wo 
'5•.. 
•... 
5 
-10 


<1 


-' CAPACITANCE 
(pI) 


(CACTUAl 
- 
CSPEC) 


231453-7 


3. The following 
are relevant 
when 
interfacing 
the 


8080A to devices 
having VIH = 3.3V: 


a) Maximum 
output rise time from 0.8V to 3.3V = 


100 ns @ CL = SPEC. 
b) Output 
delay when measured 
to 3.0V = SPEC 
+60 
ns 
@ CL = SPEC. 


c) If CL = SPEC, add 0.6 ns/pF 
if CL > CSPEC. 


subtract 
0.3 ns/pF 
(from modified 
delay) 
if CL < 


CSPEC· 


4. tAW = 2 tey 
- 
t03 
- 
trq,2 
- 
140 ns (-1:110 


ns, - 
2:130 ns). 


5. tow 
= tCY - 
t03 - 
trq,2 
- 
170 ns (-1:150 
ns, 


- 
2:170 ns). 


6. If not HLDA, two = tWA = t03 + trq,2 
+ 
10 ns. 


If HLDA, two = tWA = tWF· 
7. tHF = t03 + trq,2 
-50 
ns. 


8. tWF = t03 + trq,2 
- 
10 ns. 


9. 
Data 
in must 
be 
stable 
for 
this 
period 
during 


DBIN T3. Both tOS1 and tOS2 must be satisfied. 
10. Ready signal must be stable for this period dur- 
ing T2 or TW. (Must be externally 
synchronized.) 
11. Hold signal must be stable for this period during 
T2 or TW when entering 
hold mode, and during T3, 


T4. T5 and TWH when 
in hold mode. 
(External 
syn- 


chronization 
is not required.) 


12. Interrupt 
signal 
must be stable 
during this peri- 


od of the last clock 
cycle of any instruction 
in order 


to be recognized 
on the following 
instruction. 
(Ex- 


ternal synchronization 
is not required.) 


13. This timing 
diagram 
shows 
timing 
relationships 


only; it does not represent 
any specific 
machine 
cy- 


cle. 


The accumulator 
group instructions 
include arithme- 


tic and logical operators 
with direct, indirect, 
and im- 
mediate 
addressing 
modes. 


Move, load, and store instruction 
groups provide the 


ability 
to move 
either 
8 or 16 bits of data between 


memory, the six working 
registers 
and the accumula- 


tor using direct, 
indirect, 
and immediate 
addressing 


modes. 


The ability to branch to different 
portions 
of the pro- 


gram 
is provided 
with jump, 
jump 
conditional, 
and 


computed 
jumps. Also the ability to call to and return 


from subroutines 
is provided 
both conditionally 
and 


unconditionally. 
The 
RESTART 
(or single 
byte call 


instruction) 
is useful for interrupt 
vector 
operation. 


Double precision 
operators 
such as stack manipula- 


tion 
and 
double 
add 
instructions 
extend 
both 
the 


arithmetic 
and 
interrupt 
handling 
capability 
of the 


8080A. 
The 
ability 
to 
increment 
and 
decrement 


memory, the six general 
registers 
and the accumula- 


tor is provided 
as well as extended 
increment 
and 


decrement 
instructions 
to operate 
on the 
register 


pairs and stack pointer. 
Further 
capability 
is provid- 


ed by the ability to rotate the accumulator 
left or right 


through 
or around the carry bit. 


Input and output may be accomplished 
using memo- 


ry addresses 
as I/O ports or the directly 
addressed 


I/O provided 
for in the 8080A 
instruction 
set. 


The 
following 
special 
instruction 
group 
completes 


the 
8080A 
instruction 
set: 
the 
NOP 
instruction, 


HALT to stop processor 
execution 
and the OAA in- 


structions 
provide 
decimal 
arithmetic 
capability. 
STC 


allows the carry flag to be directly 
set, and the CMC 


instruction 
allows it to be complemented. 
CMA com- 


plements 
the 
contents 
of 
the 
accumulator 
and 


XCHG exchanges 
the contents 
of two 16-bit register 


pairs directly. 


Data in the 8080A 
is stored 
in the form of 8-bit binary integers. 
All data transfers 
to they system 
data bus will 
be in the same format. 


107 
06 05 04 03 02 01 Dol 


DATA WORD 


The program 
instructions 
may be one, two, or three bytes in length. Multiple 
byte instructions 
must be stored in 
successive 
words in program 
memory. The instruction 
formats 
then depend 
on the particular 
operation 
execut- 
ed. 
One Byte Instructions 


10706 05 04 03 02 01 Dol 
OP CODE 


Two Byte Instructions 


10706 05 04 03 02 01 Dol 
OP CODE 


107 06 05 04 03 02 01 Dol 
OPERAND 


Three Byte Instructions 


107 06 05 04 03 02 01 Dol 


107 06 05 04 03 02 01 Dol 


10706 05 04 03 02 01 Dol 


Register to register, memory reference, 
arithmetic 
or logical, rotate, return, push, 


pop, enable or disable Interrupt 
instructions 


Jump, call or direct load and store 
instructions 


Instruction 
Code (1) 
Operations 
Clock 
lIInemonlc' 
Cycles 
07DSDsD4 
D3 D2Dl 
Do 
Description 
(2) 


MOVE, LOAD, AND STORE 


MOVrl,r2 
0 
1 o 0 
0 
S 
S 
S Move register to 
5 
register 
MOVM,r 
0 
1 
1 
1 
0 
S 
S 
S Move register to 
7 
memory 


MOVr,M 
0 
1 
0 
0 
0 
1 
1 o Move memory to 
7 
register 
MVlr 
0 
0 
0 
0 
0 
1 
1 o Move immediate 
7 
register 


MVIM 
0 
0 
1 
1 
0 
1 
1 o Move immediate 
10 
memory 
LXIB 
0 
0 
0 
0 
0 
0 
0 
1 Load immediate 
10 
register Pair B & C 
LXI 0 
0 
0 
0 
1 
0 
0 
0 
1 Load immediate 
10 
register Pair 0 & E 


LXIH 
0 
0 
1 
0 
0 
0 
0 
1 Load immediate 
10 
register Pair H & L 


STAX B 
0 
0 
0 
0 
0 
0 
1 o Store A indirect 
7 


STAX 0 
0 
0 
0 
1 
0 
0 
1 o Store A indirect 
7 
LOAXB 
0 
0 
0 
0 
1 
0 
1 o Load A indirect 
7 
LOAXO 
0 
0 
0 
1 
1 
0 
1 o Load A indirect 
7 


STA 
0 
0 
1 
1 
0 
0 
1 o Store A direct 
13 
LOA 
0 
0 
1 
1 
1 
0 
1 o Load A direct 
13 


SHLO 
0 
0 
1 
0 
0 
0 
1 o Store H & L direct 
16 
LHLO 
0 
0 
1 
0 
1 
0 
1 o Load H & L direct 
16 


XCHG 
1 
1 
1 
0 
1 
0 
1 
1 Exchange 0 & E, 
4 
H & L Registers 


STACKOPS 


PUSH B 
1 
1 
0 
0 
0 
1 
0 
1 Push register Pair 
11 
B & C on stack 


PUSH 0 
1 
1 
0 
1 
0 
1 
0 
1 Push register Pair 
11 
0& 
Eon stack 
PUSH H 
1 
1 
1 
0 
0 
1 
0 
1 Push register Pair 
11 
H & L on stack 
PUSH 
1 
1 
1 
1 
0 
1 
0 
1 Push A and Flags 
11 


PSW 
on stack 


POPB 
1 
1 
0 
0 
0 
0 
0 
1 Pop register Pair B 
10 
&Coffstack 
POP 0 
1 
1 
0 
1 
0 
0 
0 
1 Pop register Pair 0 
10 
& E off stack 
POPH 
1 
1 
1 
0 
0 
0 
0 
1 Pop register Pair H 
10 
& Loff stack 
POP PSW 
1 
1 
1 
1 
0 
0 
0 
1 Pop A and Flags 
10 
off stack 


XTHL 
1 
1 
1 
0 
0 
0 
1 
1 Exchange top of 
18 
stack, H & L 
SPHL 
1 
1 
1 
1 
1 
0 
0 
1 H & Llostack 
5 
pointer 
LXISP 
0 
0 
1 
1 
0 
0 
0 
1 Load immediate 
10 
stack pointer 


INXSP 
0 
0 
1 
1 
0 
0 
1 
1 Increment stack 
5 
pointer 
DCXSP 
0 
0 
1 
1 
1 
0 
1 
1 Decrement stack 
5 
pointer 


JUMP 


JMP 
1 
1 
0 
0 
0 
0 
1 
1 Jump 
10 
unconditional 


JC 
1 
1 
0 
1 
1 
0 
1 o Jump on carry 
10 


JNC 
1 
1 
0 
1 0 0 
1 
o Jump on no carry 
10 


JZ 
1 
1 
0 
0 
1 
0 
1 o Jump on zero 
10 
JNZ 
1 
1 
0 
0 
0 
0 
1 o Jump on no zero 
10 


JP 
1 
1 
1 
1 0 
0 
1 o Jump on positive 
10 


Instruction 
Code (1) 
Operations 
Clock 


lIInemonlc' 
Cycles 


D7DsOsD4D3D2Dl 
D( 
Description 
(2) 


JM 
1 
1 
1 
1 
1 
0 
1 o Jump on minus 
10 


JPE 
1 
1 
1 
0 
1 
0 
1 o Jump on parity 
10 


even 
JPO 
1 
1 
1 
0 
0 
0 
1 o Jump on parity odd 
10 


PCHL 
1 
1 
1 
0 
1 
0 
0 
1 H & L to program 
5 


counter 


CALL 


CALL 
1 
1 
0 
0 
1 
1 
0 
1 Call unconditional 
17 


CC 
1 
1 
0 
1 
1 
1 
0 o Call on carry 
11/17 


CNC 
1 
1 
0 
1 
0 
1 
0 o Call on no carry 
11/17 


CZ 
1 
1 0 
0 
1 
1 
0 o Call on zero 
11/17 


CNZ 
1 
1 0 
0 
0 
1 
0 o Call on no zero 
11/17 


CP 
1 
1 
1 
1 0 
1 
0 o Call on positive 
11/17 


CM 
1 
1 
1 
1 
1 
1 
0 o Call on minus 
11/17 


CPE 
1 
1 
1 
0 
1 
1 
0 o Call on parity even 
11/17 


CPO 
1 
1 
1 
0 
0 
1 
0 o Call on parity odd 
11/17 


RETURN 


RET 
1 
1 
0 
0 
1 0 
0 
1 Return 
10 


RC 
1 
1 0 
1 
1 
0 
0 o Return on carry 
5/11 


RNC 
1 
1 0 
1 
0 
0 
0 o Return on no carry 
5/11 


RZ 
1 
1 
0 
0 
1 
0 
0 o Return on zero 
5/11 


RNZ 
1 
1 0 
0 
0 
0 
0 o Return on no zero 
5/11 


RP 
1 
1 
1 
1 
0 
0 
0 o Return on positive 
5/11 


RM 
1 
1 
1 
1 
1 
0 
0 o Return on minus 
5/11 


RPE 
1 
1 
1 
0 
0 
0 
0 o Return on parity 
5/11 


even 


RPO 
1 
1 
1 
0 
0 
0 
0 o Return on parity 
5/11 


odd 


RESTART 


RST 
11 
1 
A A 
A 
1 
1 
1 Restart 
I 
11 


INCREMENT AND DECREMENT 


INRr 
0 
0 
ODD 
1 
0 o Increment register 
5 


DCRr 
0 
0 
000 
1 
0 
1 Decrement register 
5 


INRM 
0 
0 
1 
1 o 
1 
0 o Increment memory 
10 


DCRM 
0 
0 
1 
1 o 
1 
0 
1 Decrement memofl 
10 


INXB 
0 
0 o 
0 
001 
1 Increment B & C 
5 


registers 


INXD 
0 
0 
0 
1 
0 
0 
1 
1 Increment 0 & E 
5 
registers 


INXH 
0 
0 
1 
0 
0 
0 
1 
1 Increment H & L 
5 


registers 


DeXB 
0 
0 
0 
0 
1 0 
1 
1 Decrement B & C 
5 


DCXD 
0 
0 
0 
1 
1 
0 
1 
1 Decrement 0 & E 
5 


DCXH 
0 
0 
1 
0 
1 
0 
1 
1 Decrement H & L 
5 


ADD 


ADDr 
1 0 
0 
0 
0 
S 
S 
S Add register to A 
4 


ADCr 
1 0 
0 
0 
1 
S 
S S Add register to A 
4 


with carry 


ADDM 
1 
0 
0 
0 
0 
1 
1 o Add memory to A 
7 


ADeM 
1 
0 
0 
0 
1 
1 
1 o Add memory to A 
7 


with carry 


ADI 
1 
1 
0 
0 
0 
1 
1 o Add immediate to A 
7 


ACI 
1 
1 
0 
0 
1 
1 
1 o Add immediate to A 
7 


with carry 


DADB 
0 
0 
0 
0 
1 
0 
0 
1 AddB&CtoH&L 
10 


DADO 
0 
0 
0 
1 
1 
0 
0 
1 AddD&EtoH&L 
10 


DADH 
0 
0 
1 
0 
1 
0 
0 
1 AddH&LloH&L 
10 


DADSP 
0 
0 
1 
1 
1 
0 
0 
1 Add stack pointer 
10 


toH&L 


Instruction 
Code (1) 
Operations 
Clock 


Mnemonic" 
Cyclel 
0706050403020, 
DO 
Description 
(2) 


SUBTRACT 


SUBr 
1 
0 
0 
1 
0 
S 
S 
S Subtract register 
4 
from A 


SBBr 
1 
0 
0 
1 
1 
S 
S 
S Subtract register 
4 
from A with borrow 


SUBM 
1 
0 
0 
1 
0 
1 
1 o Subtract memory 
7 
from A 


SBBM 
1 
0 
0 
1 
1 
1 
1 o Subtract memory 
7 
from A with borrow 


SUI 
1 
1 
0 
1 
0 
1 
1 o Subtract 
7 
immediate from A 


SBI 
1 
1 
0 
1 
1 
1 
1 o Subtract 
7 


immediate from A 
with borrow 


LOGICAL 


ANAr 
1 
0 
1 
0 
0 
S 
S 
S And register 
4 
with A 


XRAr 
1 
0 
1 
0 
1 
S 
S 
S Exclusive or 
4 
register with A 


ORAr 
1 
0 
1 
1 
0 
S 
S 
S Or register with A 
4 


CMPr 
1 
0 
1 
1 
1 
S 
S 
S Compare register 
4 
with A 


ANAM 
1 
0 
1 
0 
0 
1 
1 o And memory 
7 
with A 


XRAM 
1 
0 
1 
0 
1 
1 
1 o Exclusive Or 
7 
memory with A 


DRAM 
1 
0 
1 
1 
0 
1 
1 o Or memory with A 
7 


CMPM 
1 
0 
1 
1 
1 
1 
1 o Compare memory 
7 
with A 


ANI 
1 
1 
1 
0 
0 
1 
1 o And immediate 
7 
with A 


XRI 
1 
1 
1 
0 
1 
1 
1 o Exclusive Or 
7 
immediate with A 


ORI 
1 
1 
1 
1 
0 
1 
1 o Or immediate 
7 
with A 


CPI 
1 
1 
1 
1 
1 
1 
1 o Compare 
7 
immediate with A 


Instruction 
Code (1) 
Operations 
Clock 


Mnemonic" 
Cycles 
0706050403020,0 
Description 
(2) 


ROTATE 


RLC 
0 
0 
0 
0 
0 
1 
1 
1 Rotate A left 
4 


RRC 
0 
0 
0 
0 
1 
1 
1 
1 Rotate A right 
4 


RAL 
0 
0 
0 
1 
0 
1 
1 
1 Rotate A left 
4 
through carry 


RAR 
0 
0 
0 
1 
1 
1 
1 
1 Rotate A right 
4 
through carry 


SPECIALS 


CMA 
0 
0 
1 
0 
1 
1 
1 
1 Complement A 
4 


STC 
0 
0 
1 
1 
0 
1 
1 
1 Set carry 
4 


CMC 
0 
0 
1 
1 
1 
1 
1 
1 Complement carry 
4 


DAA 
o 
0 
1 
0 
0 
1 
1 
1 Decimal adjust A 
4 


INPUT/OUTPUT 


IN 
1 
1 
0 
1 
1 
0 
1 
1 Input 
10 


OUT 
1 
1 
0 
1 
0 
0 
1 
1 Output 
10 


CONTROL 


EI 
1 
1 
1 
1 
1 
0 
1 
1 Enable Interrupts 
4 


01 
1 
1 
1 
1 
0 
0 
1 
1 Disable Interrupt 
4 


NOP 
0 
0 
0 
0 
0 
0 
0 o No-operation 
4 


HLT 
0 
1 
1 
1 
0 
1 
1 o Halt 
7 


NOTES: 
1. ODD or SSS: B = 000, C = 001,0 
= 010. E = 011, H = 100, L = 101, Memory 
= 110, A = 111. 


2. Two possible 
cycle times 
(6/12) 
indicate 
instruction 
cycles 
dependent 
on condition 
flags. 
"All mnemonics 
copyright 
@ Intel Corporation 
1977 


intJ 
8085AH/8085AH-2/8085AH-1 


8-BIT HMOS MICROPROCESSORS 


• 
Single + 5V Power Supply with 10% 
Voltage Margins 


• 
3 MHz, 5 MHz and 6 MHz Selections 
Available 


• 
20% Lower Power Consumption 
than 


8085A for 3 MHz and 5 MHz 


• 
1.3 JLsInstruction 
Cycle (8085AH); 0.8 


JLs(8085AH-2); 0.67 JLs(8085AH-1) 


• 
100% Software Compatible with 8080A 


• 
On-Chip Clock Generator (with External 
Crystal, LC or RC Network) 


• 
On-Chip System Controller; 
Advanced 


Cycle Status Information 
Available for 


Large System Control 


• 
Four Vectored Interrupt 
Inputs (One Is 


Non-Maskable) Plus an 8080A- 
Compatible Interrupt 


• 
Serial In/Serial Out Port 


• 
Decimal, Binary and Double Precision 
Arithmetic 


• 
Direct Addressing 
Capability to 64K 


Bytes of Memory 


• 
Available In 40-Lead Cerdip and Plastic 
Packages 
(See 
Packaging 
Spec., 
Order 
#231369) 


The 
Intel 
8085AH 
is a complete 
8-bit 
parallel 
Central 
Processing 
Unit 
(CPU) 
implemented 
in N-channel, 


depletion 
load, 
silicon 
gate 
technology 
(HMOS). 
Its instruction 
set is 100% 
software 
compatible 
with the 
8080A 
microprocessor, 
and it is designed 
to improve 
the present 
8080A's 
performance 
by higher 
system 
speed. 
Its high level of system 
integration 
allows 
a minimum 
system 
of three 
IC's 
[8085AH 
(CPU), 8156H 
(RAM/IO) 
and 
8755A 
(EPROM/IO)] 
while 
maintaining 
total 
system 
expand ability. 
The 
8085AH-2 
and 
8085AH-1 
are faster versions 
of the 8085AH. 


The 8085AH 
incorporates 
all of the features 
that the 8224 
(clock 
generator) 
and 8228 
(system 
controller) 
provided 
for the 8080A. 
thereby 
offering 
a higher level of system 
integration. 


The 8085AH 
uses a multiplexed 
data bus. The address 
is split between 
the 8-bit address 
bus and the 8-bit 
data bus. The on-chip 
address 
latches of 8155H/8156H/8755A 
memory 
products 
allow a direct interface 
with 
the 8085AH. 
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Figure 
2. 8085AH 
Pin 


Configuration 


intJ 


Symbol 
Type 
Name and Function 


Aa-A15 
0 
ADDRESS 
BUS: The most significant 
8 bits of memory address or the 8 bits of the 
I/O address, 3-stated 
during Hold and Halt modes and during RESET. 


ADo-7 
I/O 
MULTIPLEXED 
ADDRESS/DATA 
BUS: Lower 8 bits of the memory address 
(or 
I/O address) 
appear on the bus during the first clock cycle (T state) of a machine 
cycle. It then becomes 
the data bus during the second and third clock cycles. 


ALE 
0 
ADDRESS 
LATCH 
ENABLE: 
It occurs during the first clock state of a machine 
cycle and enables the address to get latched 
into the on-chip 
latch of peripherals. 


The falling edge of ALE is set to guarantee 
setup and hold times for the address 
information. 
The falling edge of ALE can also be used to strobe the status 
information. 
ALE is never 3-stated. 


So. Sl and 10/M 
0 
MACHINE 
CYCLE STATUS: 


10/M 
Sl 
So 
Status 
0 
0 
1 
Memory write 
0 
1 
0 
Memory read 
1 
0 
1 
I/O write 
1 
1 
0 
I/O read 
0 
1 
1 
Opcode 
fetch 
1 
1 
1 
Interrupt Acknowledge 


I 


• 
0 
0 
Halt 
• 
X 
X 
Hold 


• 
X 
X 
Reset 


• = 3-state (high impedance) 
X = unspecified 


Sl can be used as an advanced 
R/W status. 10/M, SOand Sl become valid at the 


beginning 
of a machine 
cycle and remain stable throughout 
the cycle. The falling 


edge of ALE may be used to latch the state of these lines. 


RD 
0 
READ CONTROL: 
A low level on RD indicates 
the selected 
memory or I/O device 


is to be read and that th~ Data Bus is available 
for the data transfer, 
3-stated 
during 


Hold and Halt modes and during RESET. 


WR 
0 
WROTE 
CONTROL: 
A low level on WR indicates 
the data on the Data Bus is to be 


written into the selected 
memory or I/O location. 
Data is set up at the trailing edge 


of WR. 3-stated 
during Hold and Halt modes and during RESET. 


READY 
I 
READY: 
If READY is high during a read or write cycle, it indicates 
that the memory 


or peripheral 
is ready to send or receive data. If READY is low, the CPU will wait an 


integral number of clock cycles for READY to go high before completing 
the read 


or write cycle. READY must conform 
to specified 
setup and hold times. 


HOLD 
I 
HOLD: Indicates that another 
master is requesting 
the use of the address 
and data 


buses. The CPU, upon receiving the hold request, will relinquish 
the use of the bus 


as soon as the completion 
of the current bus transfer. 
Internal processing 
can 


continue. 
The processor 
can regain the bus onl~fter 
the HOLD ~ removed. 
When 


the HOLD is acknowledged, 
the Address, 
Data RD, WR. and 10/M lines are 


.. 
3-stated . 


HLDA 
0 
HOLD ACKNOWLEDGE: 
Indicates 
that the CPU has received 
the HOLD request 


and that it will relinquish 
the bus in the next clock cycle. HILDA goes low after the 


Hold request is removed. 
The CPU takes the bus one half clock cycle after HLDA 


goes low. 


INTR 
I 
INTERRUPT 
REQUEST: 
Is used as a general purpose 
interrupt. 
It is sampled 
only 


during the next to the last clock cycle of an instruction 
and during Hold and Halt 


states. If it is active. the Program Counter (PC) will be inhibited 
from incrementing 


and an INTA will be issued. During this cycle a RESTART 
or CALL instruction 
can 


be inserted to jump to the interrupt 
service routine. The INTR is enabled 
and 


disabled 
by software. 
It is disabled 
by Reset and immediately 
after an interrupt 
is 


accepted. 


Symbol 
Type 
Name and Function 


INTA 
0 
INTERRUPT 
ACKNOWLEDGE: 
Is used instead of (and has the same timing as) 
RD during the Instruction 
cycle after an INTR is accepted. 
It can be used to 
activate 
an 8259A Interrupt 
chip or some other interrupt 
port. 


RST5.5 
I 
RESTART 
INTERRUPTS: 
These three inputs have the same timing as INTR 
RST6.5 
except they cause an internal 
REST ART to be 'automatically 
inserted. 


RST 7.5 
The priority of these interrupt 
is ordered 
as shown in Table 2. These interrupts 
have 
a higher priority than INTR. In addition, 
they may be individually 
masked out using 
the SIM instruction. 


TRAP 
I 
TRAP: Trap interrupt 
is a non-maskable 
RESTART 
interrupt. 
It is recognized 
at the 
same time as INTR or RST 5.5-7.5. 
It is unaffected 
by any mask or Interrupt 
Enable. It has the highest priority of any interrupt. 
(See Table 2.) 


RESET IN 
I 
RESET IN: Sets the Program Counter to zero and resets the Interrupt 
Enable and 
HlDA 
flip-flops. 
The data and address buses and the control 
lines are 3-stated 
during RESET and because 
of the asynchronous 
nature of RESET, the processor's 
internal 
registers and flags may be altered by RESET with unpredictable 
results. 


RESET IN is a Schmitt-triggered 
input, allowing 
connection 
to an R-C network 
for 
power-on 
RESET delay (see Figure 3). Upon power-up, 
RESET IN must remain low 
for at least 10 ms after minimum Vcc has been reached. 
For proper reset 
operation 
after the power-up 
duration, 
RESET IN should be kept Iowa 
minimum 
of 
three clock periods. The CPU is held in the reset condition 
as long as RESET IN is 
applied. 


RESET OUT 
0 
RESET OUT: Reset Out indicates 
CPU is being reset. Can be used as a system 
reset. The signal is synchronized 
to the processor 
clock and lasts an integral 
number of clock periods. 


X1,X2 
I 
Xl and X2: Are connected 
to a crystal, 
lC, or RC network 
to drive the internal 
clock generator. 
X1 can also be an external clock input from a logic gate. The input 
frequency 
is divided by 2 to give the processor's 
internal operating 
frequency. 


ClK 
0 
CLOCK: 
Clock output for use as a system clock. The period of ClK 
is twice the X1, 


X2 input period. 


SID 
I 
SERIAL 
INPUT DATA 
LINE: The data on this line is loaded into accumulator 
bit 7 
whenever 
a RIM instruction 
is executed. 


SOD 
0 
SERIAL 
OUTPUT 
DATA 
LINE: The output SOD is set or reset as specified 
by the 
SIM instruction. 


Vcc 
POWER: + 5 volt supply. 


Vss 


I 
GROUND: 
Reference. 
. 


Name 
Priority 
Address 
Branched 
toll) 
Type 
Trigger 
When 
Interrupt 
Occurs 


TRAP 
1 
24H 
Rising Edge AND High level 
until Sampled 


RST7.5 
2 
3CH 
Rising Edge (latched) 


RST6.5 
3 
34H 
High level 
until Sampled 


RST5.5 
4 
2CH 
High level 
until Sampled 


INTR 
5 
(Note 2) 
High level 
until Sampled 
, 


NOTES: 
1. The processor 
pushes 
the PC on the stack 
before 
branching 
to the indicated 
address. 
2. The address 
branched 
to depends 
on the instruction 
provided 
to the CPU when 
the interrupt 
is acknowledged. 
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inter 
8085AH/8085AH·2/8085AH·1 


(SID) and Serial Output Data (SOD) lines for simple 


RESET 
IN 
serial interface. 


Typical 
Power·On 
Reset 
RC Values' 
R1 ~ 
75 KO 
C1 = 1 "F 
'Values 
May 
Have 
to Vary 
Due to Applied 
Power 
Supply 
Ramp 


Up Time. 


The SOS5AH is a complete S-bit parallel central 
processor. It is designed with N-channel, depletion 
load, silicon gate technology (HMOS), and requires 
a single + 5V supply. Its basic clock speed is 3 MHz 
(SOS5AH),5 MHz (SOS5AH-2),or 6 MHz (SOS5-AH-1), 
thus improving on the present SOSOA'sperformance 
with higher system speed. Also it is designed to fit 
into a minimum system of three IC's: The CPU 
(SOS5AH),a RAM/IO (S156H), and an EPROM/IO 
chip (S755A). 


The SOS5AHhas twelve addressable S-bit registers. 
Four of them can function only as two 16-bit register 
pairs. Six others can be used interchangeably as 
S-bit registers or 
as 
16-bit register pairs. The 


SOS5AHregister set is as follows: 
Mnemonic 
Register 
ACC or A 
Accumulator 
PC 
Program Counter 


BC, DE, HL General-Purpose 


Registers; data 
pointer (HL) 
SP 
Stack Pointer 
Flags or F 
Flag Register 


Contents 
S Bits 
16-Bit Address 
S-Bitsx 6 or 
16 Bits x 3 


16-Bit Address 
5 Flags (S-BitSpace) 


The SOS5AHuses a multiplexed Data Bus. The ad- 
dress is split between the higher S-bit Address Bus 
and the lower S-bit Address/Data Bus. During the 
first T state (clock cycle) of a machine cycle the low 
order address is sent out on the Address/Data bus. 
These lower S bits may be latched externally by the 
Address Latch Enable signal (ALE). During the rest 
of the machine cycle the data bus is used for memo- 
ry or I/O data. 


The SOS5AHprovides RD, WR, So, S1, and 10/M 
signals for bus control. An Interrupt Acknowledge 
signal (INTA) is also provided. HOLD and all Inter- 
rupts are synchronized with the processor's internal 
clock. The SOS5AHalso provides Serial Input Data 


In addition to these features, the SOS5AHhas three 
maskable, vector interrupt pins, one nonmaskable 
TRAP interrupt, and a bus vectored interrupt, INTR. 


The SOS5AHhas 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in 
function to the SOSOAINT. Each of the three RE- 
START inputs, 5.5, 6.5, and 7.5, has a programma- 
ble mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 


The three maskable interrupt cause the internal exe- 
cution of RESTART (saving the program counter in 
the stack and branching to the RESTART address) if 
the interrupts are enabled and if the interrupt mask 
is not set. The nonmaskable TRAP causes the inter- 
nal execution of a RESTART vector independent of 
the state of the interrupt enable or masks. (See Ta- 
ble 2.) 


There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level-sensi- 
tive like INTR (and INT on the SOSO)and are recog- 
nized with the same timing as INTR. RST 7.5 is rising 
edge-sensitive. 


For RST 7.5, only a pulse is required to set an inter- 
nal flip-flop which generates the internal interrupt re- 
quest (a normally high level signal with a low going 
pulse is recommended for highest system noise im- 
munity). The RST 7.5 request flip-flop remains set 
until the request is serviced. Then it is reset auto- 
matically. This flip-flop may also be reset by using 
the SIM instruction or by issuing a RESET IN to the 
SOS5AH.The RST 7.5 internal flip-flop will be set by 
a pulse on the RST 7.5 pin even when the RST 7.5 
interrupt is masked out. 


The status of the three RST interrupt masks can 
only 
be 
affected 
by 
the 
SIM 
instruction 
and 


RESET IN. (See SIM, Chapter 5 of the SOSO/SOS5 
User's Manual.) 


The interrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if 
more than one is pending as follows: TRAP-high- 
est priority, RST 7.5, RST 6.5, RST 5.5, INTR-Iow- 
est priority. This priority scheme does not take into 
account the priority of a routine that was started by a 
higher priority interrupt. RST 5.5 can interrupt an 
RST 7.5 routine if the interrupts are re-enabled be- 
fore the end of the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic events 
such as power failure or bus error. The TRAP input is 
recognized just as any other interrupt but has the 


inter 


highest priority. It is not affected by any flag or mask. 
The TRAP input is both edge and level sensitive. 
The TRAP input must go high and remain high until it 
is acknowledged. It will not be recognized again until 
it goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 4 il- 
lustrates the TRAP interrupt request circuitry within 
the 8085AH. Note that the servicing of any interrupt 
(TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disables 
all future interrupts (except TRAPs) until an EI in- 
struction is executed. 


EXTERNAL 
TRAP 
INTERRUPT 
REQUEST 


INTERNAL 
TRAP F,F. 


TRAP 
ACKNOWLEDGE 


The TRAP interrupt is special in that it disables inter- 
rupts, but preserves the previous interrupt enable 
status. Performing the first RIM instruction following 
a TRAP interrupt allows you to determine whether 
interrupts were enabled or disabled prior to the 
TRAP. All subsequent RIM instructions provide cur- 
rent interrupt enable status. Performing a RIM in- 
struction following INTR, or RST 5.5-7.5 will provide 
current Interrupt Enable status, revealing that inter- 
rupts are disabled. See the description of the RIM 
instruction in the 8080/8085 Family User's Manual. 


The serial I/O system is also controlled by the RIM 
and SIM instruction. SID is read by RIM, and SIM 
sets the SOD data. 


DRIVING THE X1 AND X2 INPUTS 


You may drive the clock inputs of the 8085AH, 
8085AH-2, or 8085AH-1 with a crystal, an LC tuned 
circuit, an RC network, or an external clock source. 
The crystal frequency must be at least 1 MHz, and 
must be twice the desired internal clock frequency; 


hence, the 8085AH is operated with a 6 MHz crystal 
(for 3 MHz clock), the 8085AH-2 operated with a 10 
MHz crystal (for 5 MHz clock), and the 8085AH-1 
can be operated with a 12 MHz crystal (for 6 MHz 
clock). If a crystal is used, it must have the following 
characteristics: 


Parallel resonance at twice the clock frequency de- 
sired 
CL (load capacitance) s 30 pF 
Cs (Shunt capacitance) s 7 pF 
Rs (equivalent shunt resistance) s 750 
Drive level: 10 mW 
Frequency tolerance: ±0.005% (suggested) 


Note the use of the 20 pF capacitor between X2 and 
ground. This capacitor is required with crystal fre- 
quencies below 4 MHz to assure oscillator startup at 
the correct frequency. A parallel-resonant LC citcuit 
may be used as the frequency-determining network 
for the 8085AH, providing that its frequency toler- 
ance of approximately ± 10% is acceptable. The 
components are chosen from the formula: 


f = 
1 
21T~L(Cext + Cintl 


To mInimiZe variations in frequency, it is recom- 
mended that you choose a value for Cext that is at 
least twice that of Cint, or 30 pF. The use of an LC 
circuit is not recommended for frequencies higher 
than approximately 5 MHz. 


An RC circuit may be used as the frequency-deter- 
mining network for the 8085AH if maintaining a pre- 
cise clock frequency is of no importance. Variations 
in the on-chip timing generation can cause a wide 
variation in frequency when using the RC mode. Its 
advantage is its low component cost. The driving 
frequency generated by the circuit shown is approxi- 
mately 3 MHz. It is not recommended that frequen- 
cies greatly higher or lower than this be attempted. 


Figure 5 shows the recommended clock driver cir- 
cuits. Note in d and e that pullup resistors are re- 
quired to assure that the high level voltage of the 
input is at least 4V and maximum low level voltage 
of 0.8V. 


For driving frequencies up to and including 6 MHz 
you may supply the driving signal to Xl and leave X2 
open-circuited (Figure 5d). If the driving frequency is 
from 6 MHz to 12 MHz, stability of the clock genera- 
tor will be improved by driving both Xl and X2 with a 
push-pull source (Figure 5e). To prevent self-oscilla- 
tion of the 8085AH, be sure that X2 is not coupled 
back to Xl through the driving circuit. 
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Clock 
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b. LC Tuned 
Circuit 
Clock 
Driver 


LOW TIME > 10 •• 


/ 
x, 


231718-8 


d. 1-6 
MHz Input 
Frequency 


Clock 
Driver 
Circuit 


LOwnME 
> 4On. 


4~n 
/ 


x, 


231718-9 


e. 1-12 
MHz Input 
Frequency 


External 
Clock 
Driver 
Circuit 


Figure 
5. Clock 
Driver 
Circuits 


GENERATING 
AN 8085AH 
WAIT 
As in the 8080, the READY line is used to extend the 
STATE 
read and write pulse lengths so that the 8085AH 
can 


be used with slow memory. 
HOLD causes 
the CPU 


to relinquish 
the 
bus when 
it is through 
with 
it by 


floating 
the Address 
and Data Buses. 


If your 
system 
requirements 
are 
such 
that 
slow 


memories 
or peripheral 
devices 
are being used, the 


circuit 
shown 
in Figure 6 may be used to insert one 


WAIT state in each 8085AH 
machine 
cycle. 


The D flip-flops 
should 
be chosen 
so that 


• CLK is rising edge-triggered 
• CLEAR 
is low-level 
active. 


TO 
IOI5AH 
READY 
o 
INPUT 
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•ALE and CLK (OUT) should 
be buffered 
if CLK input of latch 


exceeds 
8085AH 
IOL or IOH. 


Figure 
6. Generation 
of a 


Walt State for 8085AH 
CPU 


The 8085AH 
family 
includes 
memory 
components, 


which 
are directly 
compatible 
to the 8085AH 
CPU. 


For example, 
a system consisting 
of the three chips, 


8085AH, 
8156H 
and 8755A 
will have the following 


features: 


• 
2K Bytes EPROM 


• 
256 Bytes RAM 


• 
1 Timer/Counter 


• 
4 8-bit I/O Ports 


• 
1 6-bit 1/0 Port 


• 
4 Interrupt 
Leveis 


• 
Serial In/Serial 
Out Ports 


This minimum system, using the standard I/O tech- 
nique is as shown in Figure 7. 


shows the system configuration of Memory Mapped 
I/O using 8085AH. 


In addition to the standard I/O, the memory mapped 
I/O offers an efficient I/O addressing technique. 
With this technique, an area of memory address 
space is assigned for I/O address, thereby, using 
the memory address for I/O manipulation. Figure 8 


The 8085AH CPU can also interface with the stan- 
dard memory that does not have the multiplexed ad- 
dress/ data bus. It will require a simple 8-bit latch as 
shown in Figure 9. 
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The 8085AH has a multiplexed Data Bus. ALE is 
used as a strobe to sample the lower 8-bits of ad- 
dress on the Data Bus. Figure 10 shows an instruc- 
tion fetch, memory read and 1/0 
write cycle (as 


would occur during processing of the OUT instruc- 
tion). Note that during the 1/0 write and read cycle 
that the 1/0 port address is copied on both the up- 
per and lower half of the address. 


There are seven possible types of machine cycles. 
Which of these seven takes place is defined by the 
status of the three status lines (101M, S1. So) and 


the three control signals (RD, WR. and INTA). (See 
Table 3.) The status lines can be used as advanced 
controls (for device selection, for example), since 
they become active at the T1 state, at the outset of 
each machine cycle. Control lines RD and WR be- 
come active later. at the time when the transfer of 
data is to take place. so are used as command lines. 


A machine cycle normally consists of three T states, 
with the exception of OPCODE FETCH, which nor- 
mally has either four or six T states (unless WAIT or 
HOLD states are forced by the receipt of READY or 
HOLD inputs). Any T state must be one of ten possi- 
ble states, shown in Table 4. 


Machine Cycle 
Status 
Control 


101M 
S1 
SO 
RD 
W~: 
INTA 


OPCODE FETCH 
(OF) 
0 
1 
1 
0 
1 
1 


MEMORY READ 
(MR) 
0 
1 
0 
0 
1 
1 


MEMORY WRITE 
(MW) 
0 
0 
1 
1 
0 
1 


I/O READ 
(lOR) 
1 
1 
0 
0 
1 
1 


1/0 WRITE 
(lOW) 


I 
1 
0 
1 
1 
0 
1 


ACKNOWLEDGE 


I 


OF INTR 
(INA) 
1 
1 
1 
1 
1 
0 


BUS IDLE 
(BI): 
DAD 
0 
1 
0 
1 
1 
1 


ACK.OF 
RST,TRAP 
1 
1 
1 
1 
1 
1 


HALT 
TS 
0 
0 
TS 
TS 
1 


Machine 
Status & Buses 
Control 


State 
S1,SO 
101M 
Aa-A15 
ADo-AD7 
RD,WR 
INTA 
ALE 


T1 
X 
X 
X 
X 
1 
1 
l' 


T2 
X 
X 
X 
X 
X 
X 
0 


TWAIT 
X 
X 
X 
X 
X 
X 
0 


T3 
X 
X 
X 
X 
X 
X 
0 


T4 
1 
ot 
X 
TS 
1 
1 
0 


Ts 
1 
ot 
X 
TS 
1 
1 
0 


Ts 
1 
ot 
X 
TS 
1 
1 
0 


TRESET 
X 
TS 
TS 
TS 
TS 
1 
0 


THALT 
0 
TS 
TS 
TS 
TS 
1 
0 


THOLD 
X 
TS 
TS 
TS 
TS 
1 
0 


o = Logic "0" 
TS = High Impedance 


1 = Logic "1" 
X = Unspecified 


•ALE_not generated during 2nd and 3rd machine cycles of DAD instruction. 
tlO/M 
= 1 during T4- Ts of INA machine cycle. 
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Figure 10. 8085AH 
Basic System Timing 


ABSOLUTE 
MAXIMUM 
RATINGS· 
Ambient 
Temperature 
under Bias 
O°C to 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.5W 


'Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


D.C. CHARACTERISTICS 
8085AH, 
8085AH-2: 
TA = O°C to 70°C, Vcc = 5V ± 10%, Vss = OV; unless otherwise 
specified' 


8085AH-1: 
TA = O°C to 70°C, Vcc = 5V ±5%, 
Vss = OV; unless otherwise 
specified' 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input low 
Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
+0.5 
V 


VOL 
Output low 
Voltage 
0.45 
V 
IOL = 2 mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400 
IJ-A 


Icc 
Power Supply Current 
135 
mA 
8085AH, 
8085AH-2 


200 
mA 
8085AH-1 


IlL 
Input leakage 
±10 
IJ-A 
- 0 ~ VIN ~ Vcc 


ILO 
Output leakage 
±10 
IJ-A 
0.45V 
~ VOUT ~ Vcc 


VILR 
Input low 
level, 
RESET 
-0.5 
+0.8 
V 


VIHR 
Input High level, 
RESET 
2.4 
Vcc 
+ 0.5 
V 


VHY 
Hysteresis, 
RESET 
0.15 
V 


A.C. CHARACTERISTICS 
8085AH, 
8085AH-2: 
TA = O°C to 70°C, Vcc = 5V ± 10%, Vss = OV' 


8085AH-1: 
TA = O°C to 70°C, Vcc = 5V ±5%, 
Vss = OV 


Symbol 
Parameter 
8085AH (2) 
8085AH.2 (2) 
8085AH.1 (2) 
Units 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tCYC 
ClK 
Cycle Period 
320 
2000 
200 
2000 
167 
2000 
ns 


t1 
ClK 
low 
Time (Standard 
ClK 
loading) 
80 
40 
20 
ns 


t2 
ClK 
High Time (Standard 
ClK 
loading) 
120 
70 
50 
ns 


tr, tf 
ClK 
Rise and Fall Time 
30 
30 
30 
ns 


tXKR 
X1 Rising to ClK 
Rising 
20 
120 
20 
100 
20 
100 
ns 


tXKF 
X1 Rising to ClK 
Falling 
20 
150 
20 
110 
20 
110 
ns 


tAC 
AS-15 Valid to leading 
Edge of Control (1) 
270 
115 
70 
ns 


tACL 
AO-7 Valid to leading 
Edge of Control 
240 
115 
60 
ns 


tAD 
AO-15 Valid to Valid Data In 
575 
350 
225 
ns 


tAFR 
Address 
Float after leading 
Edge of 
0 
0 
0 
ns 
READ (INTA) 


tAL 
AS-15 Valid before Trailing Edge of ALE (1) 
115 
50 
25 
ns 


'NOTE: 
For Extended Temperature EXPRESS use MSOS5AHElectricals Parameters. 
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Symbol 
Parameter 
8085AH 
(2) 
8085AH.2 
(2) 
8085AH.1 
(2) 
Units 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tAll 
AO-7 Valid before Trailing 
Edge of ALE 
90 
50 
25 
ns 


tARY 
READY Valid from Address 
Valid 
220 
100 
40 
ns 


teA 
Address 
(A8-15) Valid after Control 
120 
60 
30 
ns 


tcc 
Width of Control 
Low (RD, WR, INTA) 
400 
230 
150 
ns 
Edge of ALE 


tel 
Trailing 
Edge of Control to Leading Edge 
50 
25 
0 
ns 
of ALE 


tDW 
Data Valid to Trialing Edge of WRITE 
420 
230 
140 
ns 


tHABE 
HLDA to Bus Enable 
210 
150 
150 
ns 


tHABF 
Bus Float after t-ILDA 
210 
150 
150 
ns 


tHACK 
HLDA Valid to Trailing 
Edge of CLK 
110 
40 
0 
ns 


tHDH 
HOLD Hold Time 
0 
0 
0 
ns 


tHDS 
HOLD Setup Time to Trailing 
Edge of CLK 
170 
120 
120 
ns 


tlNH 
INTR Hold Time 
0 
0 
0 
ns 


tiNS 
INTR, RST, and TRAP Setup Time to 
160 
150 
150 
ns 
Falling Edge of CLK 


tLA 
Address 
Hold Time after ALE 
100 
50 
20 
ns 


tlC 
Trailing 
Edge of ALE to Leading Edge 
130 
60 
25 
ns 
of Control 


tlCK 
ALE Low During CLK High 
100 
50 
15 
ns 


tLOR 
ALE to Valid Data during Read 
460 
270 
175 
ns 


tLOW 
ALE to Valid Data during Write 
200 
140 
110 
ns 


tll 
ALE Width 
140 
80 
50 
ns 


tlRY 
ALE to READY Stable 
110 
30 
10 
ns 


tRAE 
Trailing Edge of READ to Re-Enabling 
150 
90 
50 
ns 
of Address 


tRD 
READ (or INTA) to Valid Data 
300 
150 
75 
ns 


tRY 
Control Trailing 
Edge to Leading Edge 
400 
220 
160 
ns 
of Next Control 


tRDH 
Data Hold Time after READ INTA 
0 
0 
0 
ns 


tRYH 
READY Hold Time 
0 
0 
5 
ns 


tRYS 
READY Setup Time to Leading Edge 
110 
100 
100 
nl; 
ofCLK 


tWD 
Data Valid after Trailing 
Edge of WRITE 
100 
60 
30 
ns 


tWDl 
LEADING 
Edge of WRITE to Data Valid 
40 
20 
30 
ns 


NOTES: 
1. Ae-A,s 
address Specs apply 101M, SO,and 5, except Ae-A,s 
are undefined during T4- Ts of OF cycle whereas 101M, 


SO,and 5, are stable. 
2. Test Conditions: 
!evc = 320 ns (8085AH)/200 ns (8085AH-2);/167 ns (8085AH-1); CL = 150 pF. 


3. For all output timing where C * 150 pF use the following correction factors: 
25 pF S; CL < 150 pF: -0.10 
ns/pF 


150 pF < CL S; 300 pF: +0.30 ns/pF 


4. Output timings are measured with purely capacitive load. 
5. To calculate timing specifications at other values of !evc use Table 5. 


inter 


DEVICE 
UNDER 
TEST 


2.•=:x 
x= 


2.0 
2.0 


0.8> 
TESTPOINTS< 0.8 


0.45 
---------. 


ICL' 
150pF 


231718-15 


A.C. Testing: Inputs are driven at 2,4V for a Logic "1" and 0,45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 


Symbol 
8085AH 
8085AH·2 
8085AH·1 


tAL 
(1/2)T 
- 
45 
(1/2)T 
- 
50 
(1/2)T 
- 
58 
Minimum 


tLA 
(1/2)T 
- 
60 
(1/2)T 
- 
50 
(1/2)T 
- 
63 
Minimum 


tLL 
(1/2)T 
- 
20 
(1/2)T 
- 
20 
(1/2)T 
- 
33 
Minimum 


tLCK 
(1/2)T 
- 
60 
(1/2)T 
- 
50 
(1/2)T 
- 
68 
Minimum 


tLC 
(1/2)T 
- 
30 
(1/2)T 
- 
40 
(1/2)T 
- 
58 
Minimum 


tAD 
(5/2 + N)T - 
225 
(5/2 + N)T - 
150 
(5/2 + N)T - 
192 
Maximum 


tAD 
(3/2 + N)T - 
180 
(3/2 + N)T - 
150 
(3/2 + N)T - 
175 
Maximum 


tAAE 
(1/2)T 
- 
10 
(1/2)T 
- 
10 
(1/2)T 
- 
33 
Minimum 


teA 
(1/2)T 
- 
40 
(1/2)T 
- 
40 
(1/2)T 
- 
53 
Minimum 


tow 
(3/2 + N)T - 
60 
(3/2 + N)T - 
70 
(3/2 + N)T - 
110 
Minimum 


two 
(1/2)T 
- 
60 
(1/2)T 
- 
40 
(1/2)T 
- 
53 
Minimum 


tcc 
(3/2 + N)T - 
80 
(3/2 + N)T - 
70 
(3/2 + N)T - 
100 
Minimum 


tel 
(1/2)T-110 
(1/2)T 
- 
75 
(1/2)T 
- 
83 
Minimum 


tAAY 
(3/2)T 
- 
260 
(3/2)T 
- 
200 
(3/2)T 
- 
210 
Maximum 


tHACK 
(1/2)T 
- 
50 
(1/2)T 
- 
60 
(1/2)T 
- 
83 
Minimum 


tHABF 
(1/2)T + 50 
(1/2)T + 50 
(1/2)T + 67 
Maximum 


tHABE 
(1/2)T + 50 
(1/2)T + 50 
(1/2)T + 67 
Maximum 


tAC 
(2/2)T 
- 
50 
(2/2)T 
- 
85 
(2/2)T 
- 
97 
Minimum 


tl 
(1/2)T 
- 
80 
(1/2)T 
- 
60 
(1/2)T 
- 
63 
Minimum 


t2 
(1/2)T 
- 
40 
(1/2)T 
- 
30 
(1/2)T 
- 
33 
Minimum 


tRY 
(3/2)T 
- 
80 
(3/2)T 
- 
80 
(3/2)T 
- 
90 
Minimum 


tLDA 
(4/2 + N)T - 
180 
(4/2)T 
- 
130 
(4/2)T 
- 
159 
Maximum 


NOTE: 
N is equal to the total WAIT 
states. 
T = tCyc. 


inter 


READ 


T, 
I 
T, 
I 
T, 
I 
T, 


elK\ 
/ 


IlCK_~ , 
\ 
/ 
\ 
J 
_t 
C4 
_ 


inter 


I 
T, 
T, 
TWAIT 
T, 
T, 


elK 
/ 
" 
\ 
\ 
\ 
_. 


tlet< ·1 
_ICA_ 


Ae·A15 
) 
ADDRESS 


·ft 
RAE 
- 
- 


tAD 
- 
tROH .. 


ADo·Ao, 
) 
ADDRESS 
r/// 
1111f) 
DATA IN 
.,.,. 


r-r-tu- 
-tLA- 


tAFA_ - 


_tCl_' 


ALE 
tLOR 
1 
. tAL . 
1- 


tRO 
. 


tee 
I 


RD/INTA 
_llC 
_'i 
".1 


-'LRY~ 
tAC_ 
t:== 
tARY 
, 
tRYS 
tRYH .~I 
I 
'RVS 
tRYH 
1---- 


READY 
'\ 
I 
I 
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NOTE: 
1. Ready 
must remain 
stable 
during 
setup and hold times. 


inter 


·NOTE: 
101M is also floating 
during this time. 


intJ 


Mnemonic 
Instruction Code 
Operations 


07 06 05 04 03 02 01 DO 
Description 


MOVE, LOAD AND STORE 


MOVr1 r2 
0 
1 
D 
D 
D 
S 
S 
S 
Move register 


to register 


MOVM.r 
0 
1 
1 
1 
0 
S 
S 
S 
Move register 
to memory 


MOVr.M 
0 
1 
D 
D 
D 
1 
1 
0 
Move memory 
to register 


MVlr 
0 
0 
D 
D 
D 
1 
1 
0 
Move immediate 
register 


MVIM 
0 
0 
1 
1 
0 
1 
1 
0 
Move immediatll 
memory 


LXIB 
0 
0 
0 
0 
0 
0 
0 
1 
Load immediate 
register 
Pair B & C 


LXID 
0 
0 
0 
1 
0 
0 
0 
1 
Load immediate 
register 
Pair D & E 


LXIH 
0 
0 
1 
0 
0 
0 
0 
1 
Load immediate 
register 
Pair H & L 


STAXB 
0 
0 
0 
0 
0 
0 
1 
0 
Store A indirect 


STAXD 
0 
0 
0 
1 
0 
0 
1 
0 
Store A indirect 


LDAXB 
0 
0 
1 
0 
1 
0 
1 
0 
Load A indirect 


LDAXD 
0 
0 
0 
1 
1 
0 
1 
0 
Load A indirect 


STA 
0 
0 
1 
1 
0 
0 
1 
0 
Store A direct 


LDA 
0 
0 
1 
1 
1 
0 
1 
0 
Load A direct 


SHLD 
0 
0 
1 
0 
0 
0 
1 
0 
Store H & L direct 


LHLD 
0 
0 
1 
0 
1 
0 
1 
0 
Load H & L direct 


XCHG 
1 
1 
1 
0 
1 
0 
1 
1 
Exchange 
D & E, 


H & L Registers 


STACKOPS 


PUSH B 
1 
1 
0 
0 
0 
1 
0 
1 
Push register 
Pair 
B & C on stack 


PUSH D 
1 
1 
0 
1 
0 
1 
0 
1 
Push register 
Pair 


D& E on stack 


PUSH H 
1 
1 
1 
0 
0 
1 
0 
1 
Push register 
Pair 
H & Lon 
stack 


PUSH 
1 
1 
1 
1 
0 
1 
0 
1 
Push A and Flags 


PSW 
on stack 


POPB 
1 
1 
0 
0 
0 
0 
0 
1 
Pop register 
Pair 
B &Coffstack 


POPD 
1 
1 
0 
1 
0 
0 
0 
1 
Pop register 
Pair 
D & E off stack 


POPH 
1 
1 
1 
0 
0 
0 
0 
1 
Pop register 
Pair 
H & L off stack 


Mnemonic 
Instruction Code 
Operations 


07 06 05 04 03 02 01 DO 
Description 


STACK OPS (Continued) 


POPPSW 
1 
1 
1 
1 
0 
0 
0 
1 Pop A and Flags 
off stack 


XTHL 
1 
1 
1 
0 
0 
0 
1 
1 Exchange 
top of 


stack, 
H & L 


SPHL 
1 
1 
1 
1 
1 
0 
0 
1 H & ltostack 
pointer 


LXISP 
0 
0 
1 
1 
0 
0 
0 
1 
Load immediate 
stack pointer 


INXSP 
0 
0 
1 
1 
0 
0 
1 
1 
Increment 
stack 
pointer 


DCXSP 
0 
0 
1 
1 
1 
0 
1 
1 
Decrement 
stack 
pointer 


JUMP 


JMP 
1 
1 
0 
0 
0 
0 
1 
1 Jump unconditional 


JC 
1 
1 
0 
1 
1 
0 
1 
0 Jump on carry 


JNC 
1 
1 
0 
1 
0 
0 
1 
0 Jump on no carry 


JZ 
1 
1 
0 
0 
1 
0 
1 
0 Jump on zero 


JNZ 
1 
1 
0 
0 
0 
0 
1 
0 Jump on no zero 


JP 
1 
1 
1 
1 
0 
0 
1 
0 Jump on positive 


JM 
1 
1 
1 
1 
1 
0 
1 
0 Jump on minus 


JPE 
1 
1 
1 
0 
1 
0 
1 
0 Jump on parity even 


JPO 
1 
1 
1 
0 
0 
0 
1 
0 Jump on parity odd 


PCHL 
1 
1 
1 
0 
1 
0 
0 
1 H & L to program 
counter 


CALL 


CALL 
1 
1 
0 
0 
1 
1 
0 
1 Call unconditional 


CC 
1 
1 
0 
1 
1 
1 
0 
0 Call on carry 


CNC 
1 
1 
0 
1 
0 
1 
0 
0 Call on no carry 


CZ 
1 
1 
0 
0 
1 
1 
0 
0 Call on zero 


CNZ 
1 
1 
0 
0 
0 
1 
0 
0 Call on no zero 


CP 
1 
1 
1 
1 
0 
1 
0 
0 Call on positive 


CM 
1 
1 
1 
1 
1 
1 
0 
0 Call on minus 


CPE 
1 
1 
1 
0 
1 
1 
0 
0 Call on parity even 


CPO 
1 
1 
1 
0 
0 
1 
0 
0 Call on parity odd 


RETURN 


RET 
1 
1 
0 
0 
1 
0 
0 
1 Return 


RC 
1 
1 
0 
1 
1 
0 
0 
0 Return on carry 


RNC 
1 
1 
0 
1 
0 
0 
0 
0 Return on no carry 


RZ 
1 
1 
0 
0 
1 
0 
0 
0 Return on zero 


Mnemonic 
Instruction Code 
Operations 


07 06 Os 04 03 02 01 Do 
Description 


RETURN (Continued) 


RNZ 
1 
1 
0 
0 
0 
0 
0 
0 
Return on no zero 


RP 
1 
1 
1 
1 
0 
0 
0 
0 Return on positive 


RM 
1 
1 
1 
1 
1 
0 
0 
0 Return on minus 


RPE 
1 
1 
1 
0 
1 
0 
0 
0 Return on 
parity even 


RPO 
1 
1 
1 
0 
0 
0 
0 
0 
Return on 
parity odd 


RESTART 


RST 
1 
1 
A 
A 
A 
1 
1 
1 
Restart 


INPUTIOUTPUT 


IN 
1 
1 
0 
1 
1 
0 
1 
1 
Input 


OUT 
1 
1 
0 
1 
0 
0 
1 
1 Output 


INCREMENT AND DECREMENT 


INR r 
0 
0 
0 
0 
0 
1 
0 
0 
Increment 
register 


DCRr 
0 
0 
ODD 
1 
0 
1 Decrement 
register 


INRM 
0 
0 
1 
1 
0 
1 
0 
0 
Increment 
memory 


DCRM 
0 
0 
1 
1 
0 
1 
0 
1 
Decrement 
memory 


INXB 
0 
0 
0 
0 
0 
0 
1 
1 
Increment 
B & C 


registers 


INXD 
0 
0 
0 
1 
0 
0 
1 
1 Increment 
0 & E 
registers 


INXH 
0 
0 
1 
0 
0 
0 
1 
1 
Increment 
H & L 


registers 


DCXB 
0 
0 
0 
0 
1 
0 
1 
1 Decrement 
B & C 


DCXD 
0 
0 
0 
1 
1 
0 
1 
1 Decrement 
0 & E 


DCXH 
0 
0 
1 
0 
1 
0 
1 
1 
Decrement 
H & L 


ADD 


ADDr 
1 
0 
0 
0 
0 
S 
S 
S 
Add register to A 


ADCr 
1 
0 
0 
0 
1 
S 
S 
S 
Add register 
to A 
with carry 


ADDM 
1 
0 
C 
0 
0 
1 
1 
0 Add memory 
to A 


ADCM 
1 
0 
0 
0 
1 
1 
1 
0 Add memory 
to A 
with carry 


ADI 
1 
1 
0 
0 
0 
1 
1 
0 Add immediate 
to A 


ACI 
1 
1 
0 
0 
1 
1 
1 
0 Add immediate 
to A 
with carry 


DADB 
0 
0 
0 
0 
1 
0 
0 
1 AddB&CtoH&L 


Mnemonic 
Instruction Code 
Operations 


07 06 Os04 03 02 01 Do 
Description 


ADD (Continued) 


DADO 
0 
0 
0 
1 
1 
0 
0 
1 AddD&EtoH&L 


DADH 
0 
0 
1 
0 
1 
0 
0 
1 AddH&LtoH&L 


DADSP 
0 
0 
1 
1 
1 
0 
0 
1 Add stack pointer 
toH&L 


SUBTRACT 


SUBr 
1 
0 
0 
1 
0 
S 
S 
S Subtract 
register 
from A 


SBBr 
1 
0 
0 
1 
1 
S 
S 
S Subtract 
register 
from A with borrow 


SUBM 
1 
0 
0 
1 
0 
1 
1 o Subtract 
memory 


from A 


SBBM 
1 
0 
0 
1 
1 
1 
1 o Subtract 
memory 
from A with borrow 


SUI 
1 
1 
0 
1 
0 
1 
1 o Subtract 
immediate 


from A 


SBI 
1 
1 0 
1 
1 
1 
1 o Subtract 
immediate 
from A with borrow 


LOGICAL 


ANAr 
1 
0 
1 
0 
0 
S 
S 
S And register 
with A 


XRAr 
1 
0 
1 
0 
1 
S 
S 
S Exclusive 
OR 


register 
with A 


ORAr 
1 
0 
1 
1 
0 
S 
S 
S OR register 
with A 


CMPr 
1 
0 
1 
1 
1 
S 
S 
S Compare 
register 
with A 


ANAM 
1 
0 
1 0 
0 
1 
1 o And memory 
with A 


XRAM 
1 0 
1 
0 
1 
1 
1 o Exclusive 
OR memory 
with A 


ORAM 
1 
0 
1 
1 
0 
1 
1 o OR memory 
with A 


CMPM 
1 
0 
1 
1 
1 
1 
1 o Compare 
memory 
with A 


ANI 
1 
1 
1 
0 
0 
1 
1 o And immediate 
with A 


XRI 
1 
1 
1 
0 
1 
1 
1 o Exclusive 
OR 
immediate 
with A 


ORf 
1 
1 
1 
1 0 
1 
1 o OR immediate 
with A 


CPI 
1 
1 
1 
1 
1 
1 
1 o Compare 
immediate 
with A 


Mnemonic 
Instruction 
Code 
Operations 


D7 D6 D5 D4 D3 D2 D1 Do 
Description 


ROTATE 


RLC 
0 
0 
0 
0 
0 
1 
1 
1 Rotate A left 


RRC 
0 
0 
0 
0 
1 
1 
1 
1 Rotate A right 


RAL 
0 
0 
0 
1 
0 
1 
1 
1 Rotate A left 
through carry 


RAR 
0 
0 
0 
1 
1 
1 
1 
1 Rotate A right 
through carry 


SPECIALS 


CMA 
0 
0 
1 
0 
1 
1 
1 
1 Complement A 


STC 
0 
0 
1 
1 
0 
1 
1 
1 Set carry 


CMC 
0 
0 
1 
1 
1 
1 
1 
1 Complement carry 


DAA 
0 
0 
1 
0 
0 
1 
1 
1 Decimal adjust A 


Mnemonic 
Instruction 
Code 
Operations 


D7 D6 D5 D4 D3 D2 D1 Do 
Description 


CONTROL 


EI 
1 
1 
1 
1 
1 
0 
1 
1 Enable Interrupts 


01 
1 
1 
1 
1 
0 
0 
1 
1 Disable Interrupt 


NOP 
0 
0 
0 
0 
0 
0 
0 
0 No-operation 


HLT 
0 
1 
1 
1 
0 
1 
1 
0 Halt 


NEW 8085AH INSTRUCTIONS 


RIM 
0 
0 
1 
0 
0 
0 
0 
0 Read Interrupt 
Mask 


SIM 
0 
0 
1 
1 
0 
0 
0 
0 Set Interrupt Mask 


NOTES: 
1. DDS or SSS: B 000, C 001,0010, 
E011, H 100, L101, Memory 110, A 111. 


2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 
<All mnemonics copyrighted @Intel Corporation 1976. 


8155H/8156H/8155H-2/8156H-2 
2048-BIT STATIC HMOS RAM 
WITH I/O PORTS AND TIMER 


• 
Single + 5V Power Supply with 10% 
Voltage 
Margins 


• 
30% Lower 
Power Consumption 
than 


the 8155 and 8156 


• 
256 Word x 8 Bits 


• 
Completely 
Static Operation 


• 
Internal 
Address 
Latch 


• 
2 Programmable 
8-Blt 110 Ports 


• 
1 Programmable 
6-Blt 110 Port 


• 
Programmable 
14-Bit Binary Counter! 


Timer 


• 
Compatible 
with 8085AH 
and 8088 CPU 


• 
Multiplexed 
Address 
and Data Bus 


• 
Available 
in EXPRESS 
- 
Standard 
Temperature 
Range 


- 
Extended 
Temperature 
Range 


The Intel'" 
8155H 
and 8156H are RAM and I/O chips implemented 
in N-Channel, 
depletion 
load, silicon gate 
technology 
(HMOS), 
to be used 
in the 
8085AH 
and 
8088 
microprocessor 
systems. 
The 
RAM 
portion 
is 
designed 
with 2048 static cells organized 
as 256 x 8. They have a maximum 
access 
time of 400 ns to permit 
use with no wait states in 8085AH 
CPU. The 8155H-2 
and 8156H-2 
have maximum 
access times of 330 ns for 
use with the 8085H-2 
and the 5 MHz 8088 CPU. 


The I/O portion 
consists 
of three general 
purpose 
I/O ports. One of the three ports can be programmed 
to be 
status pins, thus allowing 
the other two ports to operate 
in handshake 
mode. 


A 14-bit 
programmable 
counter/timer 
is also included 
on chip to provide 
either 
a square 
wave 
or terminal 
count 
pulse for the CPU system 
depending 
on timer mode. 


0 


PC, 
vee 


101M 
pc. 
pc, 


PAO-7 
TIMER 
IN 
PC, 


RESET 
PC. 


ADo 
7 
256 X 8 
PCs 
PS, 


STATIC 
TIMER OUT 
PS. 


RAM 
0 


101M 
pSs 


• 
CE OR CEo 
8 
PS. 


P80-7 
AD 
pS3 


ALE 
WR 
PS, 


RD 
ALE 
PS, 


G 


AD. 
PS. 


WR 
AD, 
PA, 


PCo-s 
AD, 
PAs 


RESET 
TIMER 
AD3 
PAs 


AD. 
PA. 


ADs 
PAl 


TIMER 
ClK 
VCC (+5VI 
AD. 
PA, 


TIMER 
OUT 
Vss (OV) 
AD, 
PA, 


231719-1 


vss 
PAo 


'8155H/8155H-2 
= CE. 8156H/8156H-2 
= CE 
231719-2 
Figure 1. Block Diagram 
Figure 2. Pin Configuration 


"nt r 
I 
ymbol 
Type 
Name and Function 


RESET 
I 
RESET: Pulse provided 
by the 8085AH to initialize the system (connect 
to 


8085AH 
RESET OUT). Input high on this line resets the chip and initializes 
the 


three I/O ports to input mode. The width of RESET pulse should typically 
be 
two 8085AH 
clock cycle times. 


ADo-7 
I/O 
ADDRESS/DATA: 
3-state Address/Data 
lines that interface 
with the CPU 


lower 8-bit Address/Data 
Bus. The 8-bit address 
is latched 
into the address 


latch inside the 8155H/56H 
on the falling edge of ALE. The address c~ 
be 


either for the memory section 
or the I/O section depending 
on the 10/M input. 


The 8-bit data is either written into the chip or read from the chip, depending 
on the WR or RD input signal. 


CE orCE 
I 
CHIP ENABLE: On the 8155H, this pin is CE and is ACTIVE 
LOW. On the 


8156H, this pin is CE and is ACTIVE HIGH. 


RD 
I 
READ CONTROL: 
Input low on this line with the Chip Enable active enables 


and ADo-7 
buffers. 
If 10/M pin is low, the RAM content 
will be read out to the 


AD bus. Otherwise 
the content 
of the selected 
I/O port or command/status 


registers will be read to the AD bus. 


WR 
I 
WRITE CONTROL: 
Input low on this line with the Chip Enable active causes 


the data on the Address/Data 
bus to be written to the RAM or I/O ports and 


command/status 
register, depending 
on 10/M. 


ALE 
I 
ADDRESS 
LATCH ENABLE: This control 
signal latches both the address 
on 


the ADo_7lines 
and the state of the Chip Enable and 10/M into the chip at the 


falling edge of ALE. 


10/M 
I 
I/O MEMORY: 
Selects 
memory if low and I/O and command/status 
registers 


if high. 


PAo-7 (8) 
I/O 
PORT A: These 8 pins are general purpose 
I/O pins. The in/out 
direction 
is 


selected 
by programming 
the command 
register. 


PBO-7 (8) 
I/O 
PORT B: These 8 pins are general purpose 
I/O pins. The in/out 
direction 
is 


selected 
by programming 
the command 
register. 


PCo-s (6) 
I/O 
PORT C: These 6 pins can function 
as either input port, output port, or as 


control 
signals for PA and PB. Programming 
is done through the command 


register. When PCo-s are used as control 
signals, they will provide the 


following: 
PCo-A 
INTR (Port A Interrupt) 
PCj-ABF 
(Port A Buffer Full) 
PC;o-A 
STB (Port A Strobe) 
PC3-B 
INTR (Port B Interrupt) 
PC4-B 
BF (Port B Buffer Full) 
PCs-B 
STB (Port B Strobe) 


TIMER IN 
I 
TIMER 
INPUT: Input to the timer-counter. 


TIMER OUT 
0 
TIMER OUTPUT: 
This output can be either a square wave or a pulse, 


depending 
on the timer mode. 


Vcc 
VOLTAGE: + 5V supply. 


Vss 
GROUND: 
Ground reference. 
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The 8155H/8156H contains the following: 


• 2K Bit Static RAM organized as 256 x 8 
• Two 8-bit I/O ports (PA & PB) and one 6-bit I/O 


port (PC) 


• 14-bit timer-counter 


The 10/M (IO/Memory Select) pin selects either the 
five registers (Command, Status, PAO-7' PBO-7' 
PCo-s) or the memory (RAM) portion. 


The 8-bit address on the Address/Data lines, Chip 
Enable input CE or CE, and 10/M are all latched on- 
chip at the falling edge of ALE. 


NOTE: 
For detailed 
timing 
information, 
see Figure 
12 and A.C. Characteristics. 


PROGRAMMING 
OF THE COMMAND 


REGISTER 


The command register consists of eight latches. 
Four bits (0-3) define the mode of the ports, two bits 
(4-5) 
enable or disable the interrupt from port C 


when it acts as control port, and the last two bits 
(6- 7) are for the timer. 


The command register contents can be altered at 
any time by using the I/O address XXXXXOOO 
during 


a WRITE operation with the Chip Enable active and 
10/M = 1. The meaning of each bit of the command 
byte is defined in Figure 5. The contents of the com- 
mand register may never be read. 


The status register consists of seven latches, one 
for each bit; six (0-5) for the status of the ports and 
one (6) for the status of the timer. 


The status of the timer and the I/O section can be 
polled by reading the Status Register (Address 
XXXXXOOO). 
Status word format is shown in Figure 


6. Note that you may never write to the status regis- 
ter since the command register shares the same I/O 
address and the command register is selected when 
a write to that address is issued. 


ENABLE 
PORT 
A 
INTERRUPT 


ENABLE 
PORT 
B 
INTERRUPT 
} 


1· 
ENABLE 


O· 
DISABLE 


00· 
NOP - 
00 
NOT AFFECT 
COUNTER 
OPERATION 


01 • 
STOP - 
NOP IF TIMER 
HAS NOT STARTED;' 


STOP COUNTING 
IF THE 
TIMER 
1$ 
RUNNING 


10· 
STOP AFTER 
Te - 
STOP IMMEDIATELY 


AFTER 
PRESENT 
Te 
IS REACHED 
(NOP 
IF TIMER 
HAS NOT 
STARTEDI 


11 • 
START 
- 
lOAD 
MODE 
AND 
CNT 
LENGTH 
AND START 
IMMEDIATelY 
AFTER 
LOADING 
(IF TIMER 
IS NOT PRESENTLY 
RUNNING). 
IF TIMER 
IS RUNNING, 
START 
THE 
NEW MODe 
AND 
CNT 
lENGTH 
IMMEDIATELY 
AFTER 
PRESENT 
Te 
1$ REACHED. 


PORT A INTERRUPT 
REaUEST 


~ 


PORT A BUFFER 
FULUEMPTY 


(INPUT/OUTPUT) 


PORT 
A INTERRUPT 
ENABLE 


PORT B INTERRUPT 
REQUEST 


PORT B BUFFER 
FULL/EMPTY 
IINPUTIOUTPUTI 


PORT 8 INTERRUPT 
ENABLED 


TIMER 
INTERRUPT 
(THIS BIT 
IS LATCHED 
HIGH WHEN 
TERMINAL 
COUNT 
IS 
REACHED, 
AND IS RESET TO 
LOW UPON READING 
OF THE 
CIS REGISTER AND BY 
HARDWARE 
RESET!. 


inter 


The liD 
section of the 8155H/8156H consists of 


five registers: (see Figure 7.) 
• CommandlStatus 
Register (C/S)--Both 
regis- 
ters are assigned the address XXXXXOOO.The 
CIS address serves the dual purpose. 
When the CIS 
registers are selected during 


WRITE operation, a command is written into the 
command register. The contents of this register 
are not accessible through the pins. 
When the CIS (XXXXXOOO)is selected during a 
READ operation, the status information of the liD 
ports and the timer becomes available on the 
ADo-7 lines. 


• PA Register-This 
register can be programmed 


to be either input or output ports depending on 
the status of the contents of the CIS 
Register. 


Also depending on the command, this port can 
operate in either the basic mode or the strobed 
mode (see timing diagram). The liD 
pins as- 


signed in relation to this register are PAO-7.The 
address of this register is XXXXX001. 


• PB Register-This 
register functions the same 


as PA Register. The I/O 
pins assigned are 


PBO-7.The address of this register is XXXXX01O. 
• PC Register-This 
register has the address 


XXXXX011 and contains only 6 bits. The 6 bits 
can be programmed to be either input ports, out- 
put ports or as control signals for PA and PB by 
properly programming the AD2 and AD3 bits of 
the CIS register. 
When PCO-5is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit 
is an interrupt that the 8155H sends out. The sec- 


ond is an output signal indicating whether the 
buffer is full or empty, and the third is an input pin 
to accept a strobe for the strobed input mode. 
(See Table 2.) 


When the 'C' port is programmed to either ALT3 or 
ALT4, the control signals for PA and PB are initial- 
ized as follows: 


Control 
Input Mode 
Output Mode 


BF 
Low 
Low 


INTR 
Low 
High 


STB 
Input Control 
Input Control 


I/O Addresst 
Selection 


A7 A6 AS A4 A3 A2 A1 AO 


X 
X 
X 
X 
X 
0 
0 
0 
Interval Command/Status 
Register 


X 
X 
X 
X 
X 
0 
0 
1 General Purpose I/O Port A 


X 
X 
X 
X 
X 
0 
1 
0 
General Purpose I/O Port B 


X 
X 
X 
X 
X 
0 
1 
1 Port C-General 
Purpose 


I/O or Control 


X 
X 
X 
X 
X 
1 
0 
0 
Low-Order 8 bits of Timer 
Count 


X 
X 
X 
X 
X 
1 
0 
1 High 6 bits of Timer Count 
and 2 bits of Timer Mode 


X: Don't Care. 
t: I/O Address must be qualified by CE = 1 (8156H) or CE 
= 0 (8155H) and 10/M = 1 in order to select the appropri- 
ate register. 
Figure 7.1/0 
Port and Timer Addressing Scheme 


Figure 8 shows how liD PORTS A and B are struc- 
tured within the 8155H and 8156H: 


NOTES: 
] 
(1) Output Mode 
Multiplexer 
(2) Simple Input 
Control 
(3) Strobed Input 


(4) = 1 for Output Mode 
= 0 for Input Mode 


READ Port = (IO/M = 1). (RD = 0) • (CE Active) • (Port Address Selected) 
WRITE Port = (IO/M = 1) • (WR = 0) • (CE Active) • (Port Address Selected) 


Figure 8. 8155H/8156H Port Functions 


inter 


Pin 
ALT1 
ALT2 
ALT3 
ALT4 
PCO 
Input Port 
Output Port 
A INTR (Port A Interrupt) 
A INTR (Port A Interrupt) 
PC1 
Input Port 
Output Port 
A BF (Port A Buffer Full) 
A BF (Port A Buffer Full) 
PC2 
Input Port 
Output Port 
A STB (Port A Strobe) 
A STB (Port A Strobe) 
PC3 
Input Port 
Output Port 
Output Port 
B INTR (Port B Interrupt) 
PC4 
Input Port 
Output Port 
Output Port 
B BF (Port B Buffer Full) 
PC5 
Input Port 
Output Port 
Output Port 
B STB (Port B Strobe) 


Note in the diagram that when the I/O ports are pro- 
grammed to be output ports, the contents of the out- 
put ports can still be read by a READ operation 
when appropriately addressed. 


The outputs of the 8155H/8156H are "glitch-free" 
meaning that you can write a "1" to a bit position 
that was previously "1" and the level at the output 
pin will not change. 


Note also that the output latch is cleared when the 
port enters the input mode. The output latch cannot 
be loaded by writing to the port if the port is in the 
input mode. The result is that each time a port mode 
is changed from input to output, the output pin will 
go low. When the 8155H/56H is RESET, the output 
latches are all cleared and all 3 ports enter the input 
mode. 


When in the ALT 1 or ALT 2 modes, the bits of 
PORT C are structured like the diagram above in the 
simple input or output mode, respectively. 


Reading from an input port with nothing connected 
to the pins will provide unpredictable results. 


Figure 9 shows how the 8155H/8156H 
I/O ports 


might be configured in a typical MCS<!>-85system. 


-" 


TO 8085AH 
RST INPUT 


PORT A 
OUTPUT 
PORT A 


A INTAfSlGNAlS 
DATA RECEIVED) 
-1 


A SF (SIGNALS 
DATA 
READY) 


A STB (ACKNOWl. 
DATA RECEIVED) 
} ro,,_ 


PORT C 
B STB (lOADS 
PORT B LATCH) 
PERIPHERAL 


8 SF (SIGNALS 
BUFFER 
IS fULL) 
INTERFACE 


B INTR 
(SIGNALS 
BUFFER 
r 


READY 
FOR READING) 


PORT 
B 
INPUT 
TO INPUT PORT (OPTIONAL) 


TO 8085AH 
RST INPUT 
231719-8 


Figure 9. Exa,mple: 


Command 
Register 
= 00111001 


The time is a 14·bit down-counter that counts the 
TIMER IN pulses and provides either a square wave 
or pulse when terminal count (TC) is reached. 


The timer has the I/O address XXXXX100 for the 
low order byte of the register and the I/O address 
XXXXX101 for the high order byte of the register. 
(See Figure 7.) 


To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the tim- 
er addresses. Bits 0-13 of the high order count reg- 
ister will specify the length of the next count and bits 
14-15 of the high order register will specify the timer 
output mode (see Figure 10). The value loaded into 
the count length register can have any value from 
2H through 3FFFH in Bits 0-13. 


76543210 


~' 
. 


TIMER MODE 
MSB OF eNT LENGTH 


76543210 


, 
! 


LSB OF eNT LENGTH 


There are four modes to choose from: M2 and M1 
define the timer mode, as shown in Figure 11. 


START 
TERMINAL 
(TERMINAL) 


COUNT 
COUNT 
COUNT 
~ 
1 
_ 


3. SINGLE 
PULSE ON 
TERMINAL 
COUNT 
v--- 


231719-10 


Bits 6-7 
(TM2 and TM1) of command 
register 
con- 


tents 
are used to start and stop the counter. 
There 


are four commands 
to choose 
from: 


TM2 
TM1 
o 
0 
o 
1 
Nap-Do 
not affect counter 
operation. 
STOP-Nap 
if timer has not started; 
stop 


counting 
if the timer is running. 
STOP AFTER 
TC-Stop 
immediately 
after 


present 
TC is reached 
(Nap 
if timer 
has 


not started) 


START-Load 
mode and CNT length and 


start 
immediately 
after 
loading 
(if timer 
is 


not presently 
running). 
If timer 
is running, 


start 
the 
new 
mode 
and CNT 
length 
im- 


mediately 
after present 
TC is reached. 


Note 
that 
while 
the 
counter 
is counting, 
you 
may 


load a new count 
and mode 
into the count 
length 


registers. 
Before 
the 
new count 
and 
mode 
will be 


used by the counter, 
you must 
issue a START 
com- 
mand to the counter. 
This applies 
even though 
you 


may only want to change the count and use the pre- 
vious mode. 


In case of an odd-numbered 
count, the first half-cy- 


cle of the squarewave 
output, 
which 
is high, is one 


count 
longer 
than 
the 
second 
(low) 
half-cycle, 
as 


shown 
in Figure 
12. 


NOTE: 
5 and 4 refer to the number 
of clocks 
in that time peri- 


od. 


Figure 
12. Asymmetrical 
Square-Wave 
Output 


Resulting 
from 
Count 
of 9 


The 
counter 
in the 
8155H 
is not 
initialized 
to any 


particular 
mode or count when hardware 
RESET oc- 


curs, but RESET does stop the counting. 
Therefore, 


counting 
cannot 
begin 
following 
RESET 
until 
a 


START 
command 
is issued via the CIS register. 


Please 
note 
that 
the 
timer 
circuit 
on the 
8155HI 


8156H 
chip is designed 
to be a square-wave 
timer, 


not 
an 
event 
counter. 
To 
achieve 
this, 
it counts 


down by twos twice 
in completing 
one cycle. 
Thus, 


its registers 
do not contain 
values directly 
represent- 


ing the number 
of TIMER 
IN pulses 
received. 
You 


cannot 
load an initial value of 1 into the count regis- 


ter and cause 
the timer 
to operate, 
as its terminal 


count 
value 
is 10 (binary) 
or 2 (decimal). 
(For the 


detection 
of single pulses, it is suggested 
that one of 


the hardware 
interrupt 
pins on the 8085AH 
be used.) 


After 
the timer 
has started 
counting 
down, 
the val- 


ues residing 
in the count 
registers 
can be used to 


calculate 
the actual 
number 
of TIMER 
IN pulses 
re- 


quired to complete 
the timer cycle if desired. 
To ob- 


tain the remaining 
count, perform 
the following 
oper- 


ations in order: 


1. Stop the count 


2. Read 
in the 
16-bit 
value 
from 
the 
count 
length 


registers 


3. Reset the upper two mode bits 


4. Reset the carry and rotate right one position 
all 16 


bits through 
carry 


5. If carry is set, add % of the full original 
count (% 


full count-1 
if full count 
is odd). 


NOTE: 
If you started 
with an odd count 
and you read the 


count 
length 
register 
before 
the 
third 
count 
pulse 


occurs, 
you will not be able to discern 
whether 
one 


or two counts 
has occurred. 
Regardless 
of this, the 


8155H/56H 
always 
counts 
out the right number 
of 


pulses 
in generating 
the TIMER OUT waveforms. 


inter 


8085AH 
MINIMUM 
SYSTEM 


CONFIGURATION 


• 2K Bytes EPROM 
• 38 I/O Pins 
• 1 Interval Timer 
• 4 Interrupt Levels 


Figure 13a shows a minimum system using three 
chips, containing: 
• 256 Bytes RAM 


A8-15 


A 
"- 
ADO-] 
~ 
" 
'" 


v 
ALE 
- 
- 
Iffi 


WI\ 
-- 


101M 
- 


eLK 


RESET OUT 
-- 


READY 
- 


Vcc 


TIMER 


WR 
7~~~' 


AD 
_ 
10/ 
Iffi,IDi 
RESET 
IN 
AD 
ALE 
eE, 
101M 
0-7 
CE 
MALE 
eLK 
S 
ROY 


B 


'-i 
LATCHES 


Tg~u~R_ 
- -l------l 


CONTROL 
256 
Jt 8 
RAM 
8755A (EPROM 
+ 1/01 


.,- 
I 


~~~~ 888 
8 8 


inter 


Figure 
13b shows 
a five chip system 
containing: 


• 
1.25K Bytes RAM 


• 
2K Bytes EPROM 


• 
38 I/O Pins 


• 
1 Interval 
Timer 


• 
2 Interrupt 
Levels 


A~ 
A;. 
Vss 
Vcc 
I I 
~- 
~ 
POR~~ 


"-~--_ViA 
W 
PORT 
RD 
B 
181 
.,_. 


ALE 
PORTW 


A 
~ 
DATAl 
e 
(8) 


ADOR 
-y 
IN_ 


101M 
TIMER 


RESET 
OUT- 


A, 
A19 
AOOR 
illW 


V 
Iili 


- 
AOo- 
AD1 
ADDRIOATA 
--", 
ALE 
~ 


elK 
~~ 


PORT 
el 
A 


~;= 


~ 
A'_10 


8088 
r-- 
READY 
V 
.7UAo2 


MN/MX 
-vcc 
DATAl 


rD1 


v 
ADDR 


ALE 
- - 
10/10 
PORT 
~ 
RST@ 
AD 
- 
f-- f- 
RESET 
B 
X, 
X, 
~- 


elK 
WR 
- 
IREADY 
Vcc 


READY - 
101M 
- 
iml -.J 


Il[S 
- 
- 


8284 
I ! I LROG 
RESET 
- 
Vss Vcc Voo 


ROY' 


Vcc 


ViA 


.... 
Rl) 


(j) 
CEt '115-2 
ALE 
1- 
CS. 


5-- 
eE, 


r- 
A,.A. 


AOO•1 
I 
1 
V.S 
Vcc 


'v 
v 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin 
with Respect 
to Ground 
: 
- 0.5V to + 7V 


Power Dissipation 
1.5W 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.5 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL = 2mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400/LA 


IlL 
Input Leakage 
±10 
/LA 
OV ~ VIN ~ Vcc 


ILa 
Output Leakage Current 
±10 
/LA 
0.45V 
~ VOUT ~ VCC 


Icc 
Vcc Supply Current 
125 
mA 


IlL (CE) 
Chip Enable Leakage 


8155H 
+100 
/LA 
OV ~ VIN ~ Vcc 
8156H 
-100 
/LA 


Symbol 
Parameter 
8155H/8156H 
8155H·2/8156H·2 
Units 


Mln 
Max 
Min 
Max 


tAL 
Address 
to Latch Setup Time 
50 
30 
ns 


tLA 
Address 
Hold Time after Latch 
80 
30 
ns 


tLC 
Latch to READ/WRITE 
Control 
100 
40 
ns 


tRD 
Valid Data Out Delay from READ Control 
170 
140 
ns 


tLD 
Latch to Data Out Valid 
350 
270 
ns 


tAD 
Address 
Stable to Data Out Valid 
400 
330 
ns 


tLL 
Latch Enable Width 
100 
70 
ns 


tRDF 
Data Bus Float after READ 
0 
100 
0 
80 
ns 


tCL 
READIWRITE 
Control to Latch Enable 
20 
10 
ns 


tCLL 
WRITE Control to Latch Enable for CIS Register 
125 
125 
ns 


tcc 
READ/WRITE 
Control Width 
250 
200 
ns 


tDW 
Data In to WRITE Setup Time 
150 
100 
ns 


tWD 
Data In Hold Time after WRITE 
25 
25 
ns 


- 


tRY 
Recovery 
Time between 
Controls 
300 
200 
ns 


twP 
WRITE 
to Port Output 
400 
300 
ns 


inter 


Symbol 
Parameter 
8155H/8156H 
8155H·2/8156H·2 
Units 


Min 
Max 
Min 
Max 


tpR 
Port Input Setup Time 
70 
50 
ns 


tRP 
Port Input Hold Time 
50 
10 
ns 


tSBF 
Strobe to Buffer Full 
400 
300 
ns 


tss 
Strobe Width 
200 
150 
ns 


tRBE 
READ to Buffer Empty 
400 
300 
ns 


tSI 
Strobe to INTR On 
400 
300 
ns 


tRDI 
READ to INTR Off 
400 
300 
ns 


tpss 
Port Setup Time to Strobe 
50 
0 
ns 


tpHS 
Port Hold Time After Strobe 
120 
100 
ns 


tSBE 
Strobe to Buffer Empty 
400 
300 
ns 


tWBF 
WRITE to Buffer Full 


- 


400 
300 
ns 


tWI 
WRITE to INTR Off 
400 
300 
ns 


tTL 
TIMER-IN 
to TIMER-OUT 
Low 
400 
300 
ns 


tTH 
TIMER-IN 
to TIMER-OUT 
High 
400 
300 
ns 


tRDE 
Data Bus Enable from READ Control 
10 
10 
ns 


t1 
TIMER-IN 
Low Time 
80 
40 
ns 


t2 
TIMER-IN 
High Time 
120 
70 
ns 


tWT 
WRITE to TIMER-IN 
360 
200 
ns 
(for writes which start counting) 


DEVICE 
UNDER 
iCL ~ 150pF 


TEST 


- 


231719-15 
CL = 150 pF 
CL Includes Jig Capacitance 


2••=x 
x= 


2.0 
2.0 


0.8> TEST POINTS< 0.8 


0.45 
- 
_ 


231719-14 
A.C. testing: inputs are driven at 2.4V for a logic "1" and 0.45V for 
a logic "0". Timing measurements are made at 2.0V for a logic 
"1" and 0.8V for a logic "0". 


WAVEFORMS 


READ 


CE('155H) 


OR 


CE (I1SOH) 


OR 


CE(I1_) 


RO 
} '..f1 


'.. 
I.. 


INPUT :==x 


DATABUS· ~===~~~ 


231719-20 


LOAO COUNTER FROM CLR 
_\ 
I 
2 
I 
1 


\ 
I 
\ 
INOTE 11 I 
'- 
J 


\ 
I 
\ 
INOTE 11 
I 
'- 
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NOTE: 
1. The timer output 
is periodic 
if in an automatic 
reload 
mode (M1 Mode bit = 1). 


intJ 


8185/8185·2 


1024 x 8·BIT STATIC RAM FOR MCS®·85 


• 
Multiplexed Address and Data Bus 


• 
Directly Compatible with 8085AH and 
8088 Microprocessors 


• 
Low Operating Power Dissipation 


• 
Low Standby Power Dissipation 


• 
Single + 5V Supply 


• 
High Density 18·Pln Package 


The Intel 8185 is an 8192-bit 
static random access 
memory 
(RAM) organized 
as 1024 words by 8-bits using N- 
channel 
Silicon-Gate 
MOS technology. 
The multiplexed 
address 
and data bus allows 
the 8185 to interface 
directly 
to the 8085AH 
and 8088 microprocessors 
to provide 
a maximum 
level of system 
integration. 


The 8185-2 is a high-speed 
selected 
version 
of the 8185 that is compatible 
with the 5 MHz 8085AH-2 
and the 
5 MHz 8088. 


DATA- 


IlUFfER 


1K •• 
IlAM 
MEMORY 
ARRAY 


ADO 
Vee 


AD, 
RD 


AD2 
WR 


AD:! 
ALE 


AD. 
es 


ADs 
eE, 


ADs 
CE2 


AD7 
Ag 


Vss 
As 


231450-2 


Figure 
2. Pin Configuration 


ADo-AD7 
Aa,Ag 
CS 
CE, 
CE2 
ALE 
WR 


Pin Names 


Address/Data 
Lines 


Address 
Lines 


Chip Select 
Chip Enable (IO/M) 
Chip Enable 
Address 
Latch Enable 


Write Enable 


The 8185 has been designed to provide for direct 
interface to the multiplexed bus structure and bus 
timing of the 8085A microprocessor. 


At the beginning of an 8185 memory access cycle, 
the 8-bit address on ADo-7' As and Ag, and the 
status of CE1 and CE2 are all latched internally in 
the 8185 by the falling edge of ALE. If the latched 
status of both CE1 and CE2 are active, the 8185 
powers itself up, but no action occurs until the CS 
line goes low and the appropriate RD or WR control 
signal input is activated. 


The CS input is not latched by the 8185 in order to 
allow the maximum amount of time for address de- 
coding in selecting the 8185 chip. Maximum power 
consumption savings will occur, however, only when 
CE1 and CE2 are activated selectively to power 
down the 8185 when it is not in use. A possible con- 
nection would be to wire the 8085A's 10/M line to 
the 8185's CE1 input, thereby keeping the 8185 
powered down during I/O and interrupt cycles. 


Table 1. Truth Table for 


Power Down and Function Enable 


CEl 
CE2 
CS 
(CS*)(2) 
8185 Status 


1 
X 
X 
0 
Power Down and 
Function Disable(1) 


X 
0 
X 
0 
Power Down and 
Function Disable(1) 


0 
1 
1 
0 
Powered Up and 
Function Disable(1) 


0 
1 
0 
1 
Powered Up and 
Enabled 


NOTES: 
X = Don't Care. 
1: Function 
Disable 
implies 
Data Bus in high impedance 


state and not writing. 
2: CS· = (CE, = 0) X (CE2 = 1) x 
(CS = 0). 
CS· 
1 signifies 
all chip enables 
and chip select 
ac- 


tive. 


Table 2. Truth Table for 


Control and Data Bus Pin Status 


(CS*) RD WR ADo-7 During Data 8185 Function 
Portion of Cycle 


0 
X 
X 
Hi-Impedance 
No Function 


1 
0 
1 
Data from Memory 
Read 


1 
1 
0 
Data to Memory 
Write 


1 
1 
1 Hi-Impedance 
Reading, but not 
Driving Data Bus 


NOTE: 
X = Don't Care. 
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Vss Vcc 
I I I 
- 
TRAP " 
" 


RESET 
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HOLD 
- 
RST7.5 
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- 
RST6,5 
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- 
RST5,5 
SID- 
- 
INTR 
S,_ 
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RESET 
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ADDRI 
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ALE 
J!m WA IO/~ 
ROY eLK 
,., 
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vr 


vr 


r- 
CE 
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WR 
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liD8156 
• 
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DATAl 
C 
161 
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•. 
IN 
IO/~ 
TIMER ~ 
RESET 
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RD 


ALE 
PORTkN 
t- 
eE 
A 


~= 


A'.10 


~ 
8755A 


DATAl 
ADDA 
" 


~ 


101M 
PORT 


I 
RESET 
• 


• 


ROY 


- 
CLK 
I I I I 


vss vcc voo PROG 


WR 


RD 


CE, 8185 


ALE 


H- 
e!, CE2 


~1-- . 


Aa,A9 


AD()'l 


I T 
v,. 
vee 


v' 
v 


4 Chips: 


2K Bytes 
EPROM 


'.25K 
Bytes 
RAM 


38110 
Lines 


, CounterlTimer 


2 Serial 
110 Lines 


5 Interrupt 
Inputs 


inter 


iAPX 88 FIVE CHIP SYSTEM: 


• 
1.25K Bytes RAM 


• 
2K Bytes EPROM 


• 
38 I/O Pins 


• 
1 Internal 
Timer 


• 
2 Interrupt 
Levels 


Vcc 
14- 
I"" 
OND 


MANUAL 


GNO 
RESET 


(Yssl 


Vss 
Vcc 
I I 
\-- 
fl 
POA~¢!(> 


WRW 
Rii 
POA~ 
II) 
1'.2 


ALE 
POATW 
DATAl 
c 
III 


AODA 
'N_ 
IO/Ii 
TlMEA 


OUT I-- 


AESET 


•.. 


Aa-An 
AOOR 
;ow 


/1 
v 
AD 


AOo- 
AD, 
AODRtOATA 
~ 
ALE 
VV 
- 
CLK 
" 
J~ 


PORT 
fl 
A 
?= 


•... 


A'.'0 
8088 
V 
,_2 
..-- 
READY 


MNIMX 
-Vec 
DATAl 
AOOR 


r01 


ALE 
- 
I-- 


101M 
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AD 
- 
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8 
X, 
x, 
\vR 
- 
CLK 
IAEADY 
Vcc 


READY f-- 
101M 
- 
iml -.J 


An 
- 
- 
I 1 I 
LAOO 
- 
RESET 
- 
Vss 
Vec 
Voo 


ROY1 
Vcc 


WR 
.... 
AD 


CD 
eE, .115-2 


ALE 
\- 
CS. 


t-- 
CE, 
1-- 
A.· ••.9 


ADo.7 
I I 
Vss 
Vcc 
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•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O°C to + 70°C 


Storage Temperature 
-65°C 
to + 150°C 


Voltage on Any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.5W 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


Vil 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
VCC+0.5 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
IOl = 2 mA 


VOH 
Output High Voltage 
2.4 
IOH = - 400 /LA 


III 
Input Leakage 
±10 
/LA 
OV ~ VIN ~ VCC 


ILO 
Output Leakage Current 
±10 
/LA 
0.45V 
~ VOUT ~ VCC 


Icc 
Vcc Supply Current 
100 
mA 
Powered 
Up 
, 


Powered 
Down 
35 
mA 


Symbol 
Parameter' 
8185 
8185·2 


Min 
Max 
Min 
Max 
Units 


tAL 
Address 
to Latch Set Up Time 
50 
30 
ns 


tLA 
Address 
Hold Time After Latch 
80 
30 
ns 


tlC 
Latch to READ/WRITE 
Control 
100 
40 
ns 


tRO 
Valid Data Out Delay from READ Control 
170 
140 
ns 


tLD 
ALE to Data Out Valid 
300 
200 
ns 


tll 
Latch Enable Width 
100 
70 
ns 


tROF 
Data Bus Float After READ 
0 
100 
0 
80 
ns 


tel 
READ/WRITE 
Control to Latch Enable 
20 
10 
ns 


tcc 
READ/WRITE 
Control Width 
250 
200 
ns 


tow 
Data In to WRITE Set Up Time 
150 
150 
ns 


two 
Data In Hold Time After WRITE 
20 
20 
ns 


tsc 
Chip Select Set Up to Control 
Line 
10 
10 
ns 


tes 
Chip Select Hold Time After Control 
10 
10 
ns 


tAlCE 
Chip Enable Set Up to ALE Falling 
30 
10 
ns 


tLACE 
Chip Enable Hold Time After ALE 
50 
30 
ns 


inter 
8185/8185-2 


::.=X::>""",.,,<::)C 


23'450-5 


A.C. Testing: Inputs Are Driven at 2,.4V for a Logic "'" 
and 


0.45V for a Logic "0." Timing Measurements Are Made at 
2.0V for a Logic "'" 
and O.BV for a Logic "0." 


DEVICE 
UNDER 
TEST 
ICL = 150pF 


-~t- 


inter 


8224 


ClOCK 
GENERATOR AND DRIVER 
FOR 8080A CPU 


• 
Single Chip Clock Generator/Driver 
for 


8080A CPU 


• 
Power-Up 
Reset for CPU 


• 
Ready 
Synchronizing 
Flip-Flop 


• 
Advanced 
Status Strobe 


• 
Oscillator 
Output for External 
System 


Timing 


• 
Crystal 
Controlled 
for Stable 


System 
Operation 


• 
Reduces 
System 
Package 
Count 


• 
Available 
In EXPRESS 
- 
Standard 
Temperature 
Range 


• 
Available 
In 16-Lead 
Cerdlp Package 


(See 
Packaging 
Spec, 
Order 
# 231369) 


The Intel 8224 is a single chip clock generator/driver 
for the 8080A CPU. It is controlled 
by a crystal, selected 
by the designer 
to meet a variety 
of system 
speed 
requirements. 


The 8224 provides 
the designer 
with a significant 
reduction 
of packages 
used to generate 
clocks 
and timing 
for 8080A. 


I!E> 
XTAll 
1!9 
XTAl2 
§> 
TANK 


., 
IE> 


., 
!jg> 


.,ITIll£!> 


@> 
SYNC 
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RESET [D 


REAOylD 
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Figure 1. Block Diagram 
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XTAL2 
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SYNC 
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.2 (TTU 
., 


STSTB 
., 


GNO 
VDD 
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RESIN 
Reset 
Input 


RESET 
Reset Output 


RDYIN 
Ready 
Input 


READY 
Ready 
Output 


SYNC 
Sync 
Input 


STSTS 
StatusSTS 


(Active 
Low) 


-±.!....- } 8080 


<1>2 
Clocks 


XTAL 
1 
} 
Connections 


XTAL 2 
for Crystal 


TANK 
Used with Overtone 
XTAL 


OSC 
Oscillator 
Output 


<1>2 (TIL) 
<1>2 CLK (TIL 
Level) 


Vcc 
+SV 


Voo 
+12V 


GND 
OV 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Supply Voltage, 
Vee 
-0.5V 
to + 7V 


Supply Voltage, 
Voo 
-0.5V 
to + 13.5V 


Input Voltage 
-1.5Vto 
+7V 


Output Current 
100 mA 


D.C. CHARACTERISTICS 
TA = 
O·Cto 
+70·C, 
Vee 
= 
+5.0V 
±5%, 
Voo 
= 
+12V 
±5% 


Symbol 
Parameter 
Limits 
Units 
Test Conditions 


Min 
Typ 
Max 


IF 
Input Current Loading 
-0.25 
mA 
VF = 0.45V 


IR 
Input Leakage Current 
10 
p.A 
VR = 5.25V 


Ve 
Input Forward Clamp Voltage 
1.0 
V 
le= 
-5mA 


VIL 
Input "Low" 
Voltage 
0.8 
V 
Vee = 5.0V 


VIH 
Input "High" 
Voltage 
?6 
V 
Reset Input 


2.0 
V 
All Other Inputs 


VIH-VIL 
RESIN Input Hysteresis 
0.25 
V 
Vee = 5.0V 


VOL 
Output "Low" 
Voltage 
0.45 
V 
«h 
</>2), Ready, Reset, STSTB 


IOL = 2.5mA 


0.45 
V 
All Other Outputs 
IOL = 15 mA 


VOH 
Output "High" 
Voltage 


</>1. </>2 
9.4 
V 
IOH = 
-100 
p.A 


READY, RESET 
3.6 
V 
IOH = 
-100 
p.A 


All Other Outputs 
2.4 
V 
IOH = 
-1 
mA 


Ice 
Power Supply Current 
115 
mA 
, 


100 
Power Supply Current 
12 
mA 


NOTE: 
1. For crystal frequencies of 18 MHz connect 5100 resistors between the X1 input and ground as well as the X2 input and 
ground to prevent oscillation at harmonic frequencies. 


Crystal Requirements 


Tolerance: 
0.005% 
at 0·C-70·C 


Resonance: 
Series 
(Fundamental)· 


Load Capacitance: 
20 pF-35 
pF 


Equivalent 
Resistance: 
750.-200. 


·NOTE: 
With tank circuit use 3rd overtone 
mode. 


inter 


Limits 
Test 
Symbol 
Parameter 
Units 
Conditions 
Mln 
Typ 
Max 


tcj>1 
<1>1 Pulse Width 
2tcy 
- 
- 
20ns 
9 


tcj>2 
<1>2 Pulse Width 
5tcy 
- 
- 
35ns 
9 


t01 
<1>1 to <1>2 Delay 
0 


t02 
<1>2 to <1>1 Delay 
2tcy 
ns 
CL = 20 pF to 50 pF 
- 
-14ns 
9 


t03 
<1>1 to <1>2 Delay 
2tcy 
2tcy 
- 
+ 20ns 
9 
9 


tR 
<1>1 and <1>2 Rise Time 
20 


tF 
<1>1 and <1>2 Fall Time 
20 


tOcj>2 
<1>2 to <1>2 (TIl) 
Delay 
-5 
+15 
ns 
<1>2 TIl, 
Cl = 30 
R1 = 300n 
R2 = 600n 


toss 
<1>2 to STSTB Delay 
6tcy 
6tcy 
- 
- 
30ns 
ns 
9 
9 


tpw 
STSTB Pulse Width 
tcy 
STSTB, CL = 15 pF 
- 
- 
15 ns 
9 
R1 = 2K 


RDYIN Setup Time to 
4tcy 
R2 = 4K 
tORS 
50ns 
-- 
ns 
Status Strobe 
9 


tORH 
RDYIN Hold Time 
4tcy 


afterSTSTB 
9 


tOR 
RDYIN or RESIN to 
4tcy 
Ready & Reset 
- 
- 
25ns 


<1>2 Delay 
9 
CL = 10 pF 
ns 
R1 = 2K 
R2 = 4K 


teLK 
ClK 
Period 
tcy 
ns 
9 


fmax 
Maximum 
Oscillating 
27 
MHz 


Frequency 


Cin 
Input Capacitance 
8 
pF 
Vcc = +5.0V 
VOO = +12V 
VSIAS = 2.5V 
f = 1 MHz 


NOTE: 
These formulas are based on the internal workings of the part and intended for customer convenience. Actual testing of the 
part is done at ley = 488.28 ns. 


inter 


A.C. CHARACTERISTICS 
(Continued) 
For teY = 488.28 
ns; TA = O·C to 70·C, Vee = 
+ 5V ± 5%, VOO = 
+ 12V ±5% 


Symbol 
Parameter 
Limits 
Units 
Test Conditions 


Mln 
Typ 
Max 


t4>1 
4>1Pulse Width 
89 
ns - 
teY = 488.28 ns 


td>2 
4>2Pulse Width 
236 
ns 


t01 
Delay c/>1to c/>2 
0 
ns 


t02 
Delay c/>2to 4>1 
95 
ns 
c/>1& c/>2Loaded to 


t03 
Delay c/>1to c/>2Leading Edges 
109 
129 
ns 
CL = 20 pF to 50 pF 


tr 
Output Rise Time 
20 
ns 


tf 
Output Fall Time 
20 
ns - 


toss 
4>2to STSTB Delay 
296 
326 
ns 


to<l>2 
4>2to c/>2(TIL) 
Delay 
-5 
+15 
n's 


tpw 
Status Strobe Pulse Width 
40 
ns 
Ready & Reset Loaded 


tORS 
RDYIN Setup Time to STSTB 
-167 
ns 
to 2 mA/10 
pF 


All measurements 
tORH 
RDYIN Hold Time after STSTB 
217 
ns 
referenced 
to 1.5V 


tOR 
READY or RESET 
192 
ns 
unless specified 


to 4>2Delay 
otherwise. 


fMAX 
Oscillator 
Frequency 
18.432 
MHz 


A.C. TESTING, 
INPUT, 
OUTPUT 
WAVEFORM 


z.o=>: 
)C 


2.0 
2.0 


0.' >TEST POINTS<0.' 


0.•5 
---------. 


DEVICE 
UNDER 
TEST 


A.C. Testing: 
Inputs 
are driven 
at 2.4V for a logic 
'"1'" and 0.45V 


for 
a logic 
'"0'". Timing 
measurements 
are 
made 
at 2.0V 
for 
a 
logic 
'"1'" and O.BV for a logic 
'"0'" (unless 
otherwise 
noted). 


231464-5 


VOLTAGE 
MEASUREMENT 
POINTS: 
,/>1. 
<1>2 Logic 
"0" 
~ 
1.OV, Logic 
"1" = B.oV. All other 
signals 
measured 
at 1.5V. 


8228 


SYSTEM CONTROLLER 
AND BUS DRIVER 


FOR 8080A CPU 


• 
User Selected Single Level Interrupt 
Vector (RST 7) 


• 
Available In EXPRESS 
- 
Standard Temperature 
Range 


• 
Available In 28·Lead Cerdlp and Plastic 
Packages 


(See 
Packaging 
Spec, 
Order 
# 231369) 


• 
Single Chip System Control for 
MCS«l-80 Systems 


• 
Bullt·ln Bidirectional 
Bus Driver for 


Data Bus Isolation 


• 
Allows the Use of Multiple Byte 
Instructions 
(e.g. CALL) for Interrupt 


Acknowledge 


• 
Reduces System Package Count 


The Intel~ 8228 is a single chip system controller 
and bus driver for MCS~-80. 
It generates 
all signals required 
to directly 
interface 
MCS-80 family RAM, ROM, and I/O components. 


A bidirectional 
bus driver is included 
to provide 
high system TTL fan-out. 
It also provides 
isolation 
of the 8080 
data 
bus from 
memory 
and 
I/O. 
This allows 
for the optimization 
of control 
signals, 
enabling 
the systems 
designer 
to use slower 
memory 
and I/O. The isolation 
of the bus driver also provides 
for enhanced 
system 
noise immunity. 


A user selected 
single 
level interrupt 
vector 
(RST 7) is provided 
to simplify 
real time, interrupt 
driven, 
small 
system 
requirements. 
The 8228 also generates 
the correct 
control 
signals 
to allow the use of multiple 
byte 
instructions 
(e.g., CALL) 
in response 
to an interrupt 
acknowledge 
by the 8080A. 
This feature 
permits 
large, 


interrupt 
driven systems 
to have an unlimited 
number 
of interrupt 
levels. 


The 8228 
is designed 
to support 
a wide variety 
of system 
bus structures 
and also reduce 
system 
package 
count for cost effective, 
reliable 
design of MCS-80 
systems. 


NOTE: 


The specifications 
for the 3228 are identical 
with those for the 8228. 
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{ 


00- 
0,_ 
CPU 
°l- 
DATA 
0J- 
BUS 
0.-0,_ 
0,- 
0,- 
-0"1 


-08, 
-082 


::: 
:: 
SYSTEM OAT A BUS 


-DBs 
-DB, 
_DB, 


nrn, 


081N 
ViR 


HlDA 
07·00 
0.18 Bus (8080 $ide) 


087·080 
DBta 
80s 
(System 
SIde) 


IIOR 
1/0 
Read 
IIOW 
UOWri1e 
llmR 
Memocy Read 


ImWI 
MItfflOI'YWrite 


OBIN 
DBIN 
(from 
8080) 


INTA 
lnt8ll'T'UPt~ 


HLOA 
HLOA 
(from 8080) 


I'I!l 
WR 
(from 
8080) 
= 
Bus Enable Input 


mTIl 
Status 
Strobe 
(from 
8224) 


Vcc 
+5V 


GND 
o V"" 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Supply Voltage. 
Vcc 
-0.5Vto 
+7V 


Input Voltage 
-1.5 
to + 7V 


Output Current 
: 
100 mA 


Limits 


Symbol 
Parameter 
Unit 
Test Conditions 


Min 
Typ(1) 
Max 


Vc 
Input Clamp Voltage, 
0.75 
-1.0 
V 
Vcc = 4.75V; Ic = -5 
mA 
All Input 


IF 
Input Load Current 
STSTB 
500 
/LA 
Vcc = 5.25V 
.. 


02& 
06 
750 
/LA 
VF = 0.45V 


00,01.04, 
250 
/LA 
05& 
07 


All Other Inputs 
250 
/LA 


IR 
Input Leakage Current 
STSTB 
100 
/LA 
Vcc = 5.25V 


OBo-OB7 
20 
/LA 
VR = 5.25V 


All Other Inputs 
100 
/LA 


VTH 
Input Threshold 
0.8 
2.0 
V 
Vcc = 5V 
Voltage. 
All Inputs 


Icc 
Power Supply Current 
140 
190 
mA 
Vcc = 5.25V 


VOL 
Output 
Low Voltage 
00-07 
0.45 
V 
Vcc = 4.75V; 10L = 2 mA 


All Other Outputs 
0.45 
V 
10L = 10 mA 


VOH 
Output High Voltage 
00-07 
3.6 
3.8 
V 
Vcc = 4.75V; 10H = -10/LA 


All Other Outputs 
2.4 
V 
10H = -1 
mA 


los 
Short Circuit Current, All Outputs 
15 
90 
mA 
Vcc = 5V 


10 loft) 
Off State Output Current 
100 
/LA 
Vcc = 5.25V; Vo = 5.25V 
All Control Outputs 
-100 
/LA 
Vo = 0.45V 


liNT 
INTA Current 
5 
mA 
(See INTA Test Circuit) 


NOTE: 
1. Typical 
values 
are for TA = 25°C and nominal 
supply 
voltages. 


inter 


CAPACITANCE 
VSIAS = 2.5V, vee = 5.0V, TA = 25°C, f = 1 MHz 


1. This parameter 
is periodically 
sampled 
and not 100% 
tested. 


limits 


Unit 
Symbol 
Parameter 
Mln 
Typ(1) 
Max 


CIN 
Input Capacitance 
8 
12 
pF 


COUT 
Output Capacitance 
7 
15 
pF 


Control Signals 
0' 


I/O 
I/O Capacitance 
8 
15 
pF 
(D or DB) 


Limits 


Conditions 
Symbol 
Parameter 
Unit 


Min 
Max 


tpw 
Width of Status Strobe 
22 
ns 


tss 
Setup Time, Status Inputs Do-D] 
8 
ns 


tSH 
Hold Time, Status Inputs Do-D] 
5 
ns 


toe 
Delay from STSTB to any Control Signal 
20 
60 
ns 
CL = 100 pF 


tRR 
Delay from DBIN to Control Outputs 
30 
ns 
CL = 100 pF 


tRE 
Delay from DBIN to Enable/Disable 
8080 Bus 
45 
ns 
CL = 25 pF 


tRO 
Delay from System 
Bus to 8080 Bus during Read 
30 
ns 
CL = 25 pF 


tWR 
Delay from WR to Control Outputs 
5 
45 
ns 
CL = 100 pF 


tWE 
Delay to Enable System Bus DBa-DB] 
after STSTB 
30 
ns 
CL = 100 pF 


two 
Delay from 8080 Bus Do-D] 
to System Bus 
5 
40 
ns 
CL = 100 pF 
DBa-DB] 
during Write 


tE 
Delay from System Bus Enable to System Bus DBa-DB] 
30 
ns 
CL - 
100 pF 


tHO 
HLDA to Read Status Outputs 
25 
ns 


tos 
Setup Time, System Bus Inputs to HLDA 
10 
ns 


tOH 
Hold Time, System 
Bus Inputs to HLDA 
20 
ns 
CL = 100 pF 


DEVICE 
UNDER 
TEST 


·2 
STATUS STROBE 


OliN 


INTA. lOR. MEMR 


HLDA 
iNTi, lOR. MEMR 
DURING HLDA 


- - - ---- - - .:~- 


JOT 4'1- 
---------------< 
>-------------- 


VOLTAGE 
MEASUREMENT 
POINTS: 
Do-D7 
(when 
outputs) 
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"0" 
sured at 1.5V. 
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8755A 


16,384-BIT EPROM WITH I/O 


• 
2048 Words 
x 8 Bits 


• 
Single + 5V Power Supply (Vcc> 


• 
Directly 
Compatible 
with 8085AH 


• 
U.V. Erasable 
and Electrically 


Reprogrammable 


• 
Internal 
Address 
Latch 


• 
2 General 
Purpose 
8-Bit I/O 
Ports 


• 
Each I/O Port Line Individually 
Programmable 
as Input or Output 


• 
Multiplexed 
Address 
and Data Bus 


• 
40-Pin DIP 


• 
Available 
in EXPRESS 
- 
Standard 
Temperature 
Range 


- 
Extended 
Temperature 
Range 


The Intel 8755A is an erasable 
and electrically 
reprogrammable 
ROM (EPROM) 
and I/O chip to be used in the 
8085AH 
microprocessor 
systems. 
The EPROM portion is organized 
as 2048 words by 8 bits. It has a maximum 
access 
time of 450 ns to permit use with no wait states 
in an 8085AH 
CPU. 


The I/O portion consists 
of 2 general 
purpose 
I/O ports. Each I/O port has 8 port lines, and each I/O port line 
is individually 
programmable 
as input or output. 
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Figure 2. Pin Configuration 


Symbol 
Type 
Name and Function 


ALE 
I 
ADDRESS 
LATCH 
ENABLE: 
When Address 
Latch Enable goes high, ADO_?!.. 


10/M, AS-10, ~ 
and CE1 enter the address latches. The signals, (AD, 10/M, 


ADs-10, 
CE2, CE1) are latched in at the trailing edge of ALE. 


ADo-7 
I 
BIDIRECTIONAL 
ADDRESS/DATA 
BUS: The lower 8 bits of the PROM or I/O 


address are applied to the bus lines when ALE is high. 
Du.!:!!!9an I/O cycle, Port A or B is selected 
based on the latched value of ADo. 


IF RD or lOR is low when the latched Chip Enables are active, the output 
buffers present 
data on the bus. 


ADS-10 
I 
ADDRESS 
BUS: These are the high order bits of the PROM address. They do 


not affect 
I/O operations. 


PROG/CE1 
I 
CHIP ENABLE 
INPUTS: CE1 is active low and CE2 is active high. The 8755A 
CE2 
can be accessed 
only when both Chip Enables are active at the time the ALE 


signal latches them up. If either Chip Enable input is not active, the ADo-7' 
and 


READY ouputs will be in a high impedance 
state. CE1 is also used as a 


programming 
pin. (See section 
on programming.) 


10/M 
I 
I/O MEMORY: 
If the latched 
10/M is high when RD is low, the output data 


comes from an I/O port. If it is low the output data comes from the PROM. 


RD 
I 
READ: If the latched Chip Enables are active when RD goes low, the ADo-7 
output buffers are enabled and output either the selected 
PROM location 
or 
I/O port. When both RD and lOR are high, the ADo_7 output buffers are 3- 
stated. 


lOW 
I 
I/O WRITE: 
If the latched Chip Enables are active, a low on lOW causes the 


output port pointed to by the latched value of ADo to be written with the data on 
ADo_7. The state of 10/M is ignored. 


CLK 
I 
CLOCK: 
The CLK is used to force the READY into its high impedance 
state 


after it has been forced low by CE1 low, CE2 high, and ALE high. 


READY 
0 
READY 
is a 3-state output controlled 
by CE1, CE2, ALE and CLK. READY is 
forced low when the Chip Enables are active during the time ALE is high, and 
remains low until the rising edge of the next CLK. (See Figure 6c.) 


PAO-7 
I/O 
PORT A: These are general purpose 
I/O pins. Their input/output 
direction 
is 


determined 
by the contents 
of Data Direction 
Register 
(DDR). Port A~ 


selected 
for write operations 
when the Chip Enables are active and lOW is low 


and a 0 was previously 
latched from ~ 
AD1. 
Read Operation 
is s~ected 
~ 
either lOR low and active Chip Enables and ADo 


and AD1 low, or 10/M high, RD low, active Chip Enables, and ADo and AD1 
low. 


PBO-7 
I/O 
PORT B: The general purpose 
I/O port is identical 
to Port A except that it is 


selected 
by a 1 latched from ADo and a 0 from AD1. 


RESET 
I 
RESET: In normal operation, 
an input high on RESET causes all pins in Ports A 


and B to assume input mode (clear DDR register). 


lOR 
I 
I/O READ: When the Chip Enables are active, a low on lOR will output the 
selected 
I/O port onto the AD bus. lOR low performs 
the same function 
as the 
combination 
of 10/M high and RD low. When lOR is not used in a system, 
lOR 


should be tied to Vcc ("1 "). 


Vcc 
POWER: + 5V supply. 


Vss 
GROUND: 
Reference. 


Voo 
POWER SUPPLY: 
Voo is a programming 
voltage, 
and must be tied to Vcc 


when the 8755A is being read. 
For programming, 
a high voltage 
is supplied 
with Voo = 25V, typical. (See 
section 
on programming.) 


inter 


The 8755A contains an 8-bit address latch which 
allows it to 
interface directly to 
MCS4P-48and 


MCS@-85processors without additional hardware. 


The PROM section of the chip is addressed by the 
11-bit address and the Chip Enables. The address, 
CE1and CE2are latched into the address latches on 
the falling edge of ALE. If the latched Chip Enables 
are active and 10/M is low when RD goes low, the 
contents of the PROM location addressed by the 
latched address are put out on the ADo-7 lines (pro- 
vided that VDD is tied to Vccl. 


The I/O section of the chip is addressed by the 
latched value of ADo-1. Two 8-bit Data Direction 
Registers (DDR) in 8755A determine the input/out- 
put status of each pin in the corresponding ports. A 
"0" in a particular bit position of a DDR signifies that 
the corresponding I/O port bit is in the input mode. A 
"1" in a particular bit position signifies that the corre- 
sponding I/O port bit is in the output mode. In this 
manner the I/O ports of the 8755A are bit-by-bit pro- 
grammable as inputs or outputs. The table summa- 
rizes port and DDR designation. DDR's cannot be 
read. 


AD1 
ADo 
Selection 


0 
0 
PortA 
0 
1 
Port B 
1 
0 
Port A Data Direction Register (DDR A) 


1 
1 
Port B Data Direction Register (DDR B) 


When lOW goes low and the Chip Enables are ac- 
tive, the data on the ADo-7 is written into I/O port 
selected by the latched value of ADo-1. During this 
operation all I/O bits of the selected port are affect- 
ed, regardless of their I/O mode and the state of 10/ 
M. The actual output level does not change until 
lOW returns high. (Glitch free output.) 


A port can be read out when the latched Chip En- 
ables are active and either RD goes low with 10/M 
high, or lOR goes low. Both input and output mode 
bits of a selected port will appear on lines ADo-7. 


To clarify the function of the I/O Ports and Data Di- 
rection Registers, the following diagram shows the 
configuration of one bit of PORT A and DDR A. The 
same logic applies to PORT Band DDR B. 


~ 
REAO'. 
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WRITE 
PA = (lOW 
~ 
0) • (CHIP ENABLES 
ACTIVE) 
• (PORT 
A 


ADDRESS 
SELECTED) 
WRITE 
DDR A = (TOW = 0) • (CHIP ENABLES 
ACTIVE) 
• (DDR 


A ADDRESS 
SELECTED) 
READ 
PA 
~ 
I(IO/M 
= 1) • (RD = 0) + (lOR 
= 0)) 
• (CHIP 


ENABLES 
ACTIVE) 
• (PORT 
A ADDRESS 
SELECTED) 


NOTE: 
Write PA is not qualified 
by 101M. 


Note that hardware RESET or writing a zero to the 
DDR latch will cause the output latch's output buffer 
to be disabled, preventing the data in the Output 
Latch from being passed through to the pin. This is 
equivalent to putting the port in the input mode. Note 
also that the data can be written to the Output Latch 
even though the Output Buffer has been disabled. 
This enables a port to be initialized with a value prior 
to enabling the output. 


The diagram also shows that the contents of PORT 
A and PORT B can be read even when the ports are 
configured as outputs. 


iM_r 
'ifu3-erasure characteristics of the 8755A are such 
that erasure begins to occur when exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (1\). It should be noted that sunlight and 
certain types of fluorescent lamps have wavelengths 
in the 3000-4000A range. Data show that constant 
exposure to room level fluorescent lighting could 
erase the typical 8755A in approximately 3 years 
while it would take approximately 1 week to cause 
erasure when exposed to direct sunlight. If the 
8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque la- 
bels are available from Intel which should be placed 
over the 8755A window to prevent unintentional era- 
sure. 


The recommended erasure procedure for the 8755A 
is exposure to shortwave ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The integrated 
dose (Le., UV intensity x exposure time) for erasure 
should be a minimum of 15W-sec/cm2. The erasure 
time with this dosage is approximately 15 to 20 min- 
utes using an ultraviolet lamp with a 12000 p.W/cm2 
power rating. The 8755A should be placed within 
one inch from the lamp tubes during erasure. Some 
lamps have a filter on their tubes and this filter 
should be removed before erasure. 


Initially, and after each erasure, all bits of the 
EPROM portions of the 8755A are in the "1" state. 
Information is introduced by selectively program- 
ming "0" 
into the desired bit locations. A pro- 


grammed "0" can only be changed to a "1" by UV 
erasure. 


The 8755A can be programmed on the Intel Univer- 
sal Programmer (iUP),and iUPF8744A programming 
module. 


The program mode itself consists of programming a 
single address at a time, giving a single 50 msec 
pulse for every address. Generally, it is desirable to 
have a verify cycle after a program cycle for the 
same address as shown in the attached timing dia- 
gram. In the verify 
cycle 
(i.e., normal 
memory 


read cycle) 'Voo' should be at + 5V. 


System Interface 
with 8085AH 


A system using the 8755A can use either one of the 
two I/O Interface techniques: 
• Standard I/O 
• Memory Mapped I/O 


If a standard I/O technique is used, the system can 
use the feature of both CE2 and CE1. By using a 
combination of unused address lines Al1-15 and the 
Chip Enable inputs, the 8085AH system can use up 
to 5 8755A's without requiring a CE decoder. See 
Figure 4. 


If a memory mapped I/O approach is used the 
8755A will be selected by the combination of both 
the Chip Enables and 10/M using ADB-15 address 
lines. See Figure 3. 
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NOTE: 
Use CEl 
for the first 8755A 
in the system, 
and CE2 for the other 8755A's. 
Permits 
up to 5-8755A's 
in a system 
without 
CE decoder. 
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•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.5W 


D.C. CHARACTERISTICS 
TA = O·C to 70·C, Vee = VDD = 5V ±5% 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 
Vcc = 5.0V 


VIH 
Input High Voltage 
2.0 
VCC + 0.5 
V 
Vee = 5.0V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 2 mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400/LA 


IlL 
Input Leakage 
10 
/LA 
VSS :>: VIN :>: Vcc 


ILO 
Output Leakage Current 
±10 
/LA 
0.45V 
:>: VOUT :>: Vee 


Ice 
Vee Supply Current 
180 
mA 


IDD 
VDD Supply Current 
30 
mA 
VDD = Vee 


CIN 
Capacitance 
of Input Buffer 
10 
pF 
fc = 1 /LHz 


CliO 
Capacitance 
of I/O Buffer 
15 
pF 
fe = 1 /LHz 


D.C. CHARACTERISTICS-PROGRAMMING 
TA = O·C to 70·C, Vee = 5V ± 5%, Vss = OV, VDD = 25V ± 1V 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 


VDD 
Programming 
Voltage 
(during Write to EPROM) 
24 
25 
26 
V 


IDD 
Prog Supply Current 
15 
30 
mA 


A.C. CHARACTERISTICS 
TA = O'C to 70'C, 
vcc 
= 5V ±5% 


8755A 


Symbol 
Parameter 
Unit 


Min 
Max 


teyC 
Clock Cycle Time 
320 
ns 


T1 
ClK 
Pulse Width 
80 
ns 


T2 
ClK 
Pulse Width 
120 
ns 


tf, tr 
ClK 
Rise and Fall Time 
30 
ns 


tAL 
Address 
to latch 
Set Up Time 
50 
ns 


tLA 
Address 
Hold Time after latch 
80 
ns 


tlC 
latch 
to READ/WRITE 
Control 
100 
ns 


tRD 
Valid Data Out Delay from READ Control' 
170 
ns 


tAD 
Address 
Stable to Data Out Valid" 
450 
ns 


tll 
latch 
Enable Width 
100 
ns 


tRDF 
Data Bus Float after READ 
0 
100 
ns 


tCl 
READ/WRITE 
Control to latch 
Enahle 
20 
ns 


tcc 
READ/WRITE 
Control Width 
250 
ns 


tow 
Data in Write Set Up Time 
150 
ns 


two 
Data in Hold Time after WRITE 
30 
ns 


twP 
WRITE to Port Output 
400 
ns 


tpR 
Port Input Set Up Time 
50 
ns 


tRP 
Port Input Hold Time to Control 
50 
ns 


tRYH 
READY HOLD Time to Control 
0 
160 
ns 


tARY 
ADDRESS 
(CE) to READY 
160 
ns 


tRV 
Recovery 
Time between 
Controls 
300 
ns 


tRDE 
READ Control to Data Bus Enable 
10 
ns 


NOTES: 
CLOAD= 150 pF. 
'Or TAD - 
(TAL + TLcl, whichever is greater. 


"Defines 
ALE to Data Out Valid in conjunction with TAL. 


A.C. CHARACTERISTICS-PROGRAMMING 
TA = O'C to 70'C, VCC = 5V ±5%, 
Vss = OV, VDD = 25V 
±1V 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 


tps 
Data Setup Time 
10 
ns 


tpD 
Data Hold Time 
0 
ns 


ts 
Prog Pulse Setup Time 
2 
J.ts 


tH 
Prog Pulse Hold Time 
2 
J.ts 


tpR 
Prog Pulse Rise Time 
0.01 
2 
J.ts 


tpF 
Prog Pulse Fall Time 
0.01 
2 
J.ts 


tpRG 
Prog Pulse Width 
45 
50 
ms 


intJ 


2 .•=X 
x== 


2.0 
2.0 


0.'> TEST 
POINTS < 0.' 


0.45 
-- 
. 


DEVICE 
UNDER 
TEST 
IC, -150pF 


231735-7 
A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing Measurements are made at 2.0V for a 
Logic "I" and 0.8V for a Logic "0". 
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